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PREFACE. 


In this second volnuio I have carried out the programme 
which I jmt ■fo^’jsard.iTVtho preface to the first volume, thus 
finisluTig the first portion of my undertaking — The History 
of Seieutitic Thought in the Nineteenth Century. The 
two volumes form a work complete in itself, and for this 
mason I have attached an alphabetical index. 

In addition to the n’anies I mentioned in the preface to 
the first volume, I have to add those of other friends 
who have been of groat help t<j rue in tlus course of 
my work. With Professor Sampson, F.U.K., of Durham 
University, I have had many ludpful discussions on tb<^ 
suhjeets of this volume, notahly on chapters viii. and 
xiii., which ho read in proof. Mr Arthur P>(n'ry, M.A,, 
of King’s College, Cambridge, has read over chapter 
xiii., and made valuable suggristions. Mr Archibahi H. 
Percival, M.IJ., of Cambridge^, luis read over <ihapt(U'a 
vi. and x. Pintessor F. (S. Weiss, D.Hc., of Victoria 
University, lias road «rhapLei’s viii. and ix. Mr Thomas 
Whittaker has C(nithiue(l his revision, much to the beiielit 
of the hook; and Dr Hpenco Watson has given the finishing 
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touches to the last pages, in which I oiidoavonr to secure 
in advance the interest of my readers for the snljsc([neut' 
portions of this work. To all tliese friends 1 wish to 
express niy sense of obligation and my shicere thunks. 
I find it impossible to express how much this book owes 
to my beloved wife, my constant helpmate on tln^ long 
course of tliis arduous enterprise. 

It is unnecessary for me to lighten the work <»!’ iny 
critics by pointing out the many defects of which I myself 
am painfully conscious ; but, in the case of the lust (dia])tor 
on ‘‘The Development of Mathematical Thouglit,” I wish 
to say that this is — so far as I know — tht^ first attempt 
to give to this abstract region of thought a plac(j in a. 
general history of intellectual progress. I Hinc<5reJy h(j))t^ 
that it will bo followed by otlier and monn suctjc^ssful 
attempts to perform this very diiiicult task. It is tiow 
abundantly clear that mathematical thought will play an 
increasingly important part in the progress of science ami 
culture, and it is no longer permissible to consider it merely 
an interesting specialty apart from tbo genera] course of 
intellectual development. A due appreciation of its im- 
portance and power will in future be expected, not only 
from the practical thinker who applies science, but likewise 
from the philosopher who assigns to science its placic in 
the comprehensive scheme of human culture. 


THB QUABiUES, 

NswcASTLE-upoisr-TyNE, Ootohor 1903. 


J. THEO. MKIVA. 
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A HISTORY OF EUliOPBAN THOUGHT IN 
THE NINETEENTH (JENTUKY 


PART V, 

BOIENTIFIC THOU-OHT 
((umaurjuiD). 




CHAPTER VL 


ON THW KINETKJ OK :\IECIi.VNI( 'AL MEW OF NATFIiK. 


It was a favourito idea with lliu idiilosophers of aniiriuilv l 
that everytlnng is iii iiiolioii, thaK iH5Kl is to be fouiul m 
iiowliere ui naturo, and that the ontire procoss of liib and 
sensation in particular is ]»i'OUi»Ut cahout by the oonnninii' 
cation and transCei’oncc of nuniiUi laovomont-H of a puridy 
meed uuiical kind. Out of tlic <le(‘p convicjtion Uiat every- 

tbiiij^’ around us and in nii--br-jri. a p(‘r)>etual flux — u, doc- 
trine which is usually fathennl nfyon lleracditns of Kphe- 
sus^ — two distinct probhiins resulUjd, and oc(uipi(id the 
thinkors of antiipiity: the problem of oxidainin.t» tin'. 
a])parent restand pciiuammcy of ma.ny observu.hI(^ piumo- 


* The flocjiriue ot* Ifeni<*htiis(B.e. 
600 ) pUoed l>y Zeller (‘ IMiile- 
«ophie (lor (ino'heu,’ vnh i.) hi 
(limit oppohitioii tu thal of th<s 
iSloatic School (PariiKundciH, 
iwnl (h* Uytha^oraM. The KUiati(;s 
argued from the unity of all (‘xint- 
ence to tim hu}»>H*‘^dnlit.y of the mnl- 
tiplioity and tluj changt* of things, 
JHmu<dh,UMSfU.s out from the ('onoop- 
tiou that ev(‘ry thing is itj (‘(mtiti ual 
motiouuml 

iihm), Our ktiowl(‘dgn of 
Htus is d(»riv(*d nndrdy from rff<‘r- 
euooK in the writings of Plato ami 
Aristotle. A very full account U 


givfu hy Zoltii*, mid hy hi iMlejdei-<*r 
(MHe l*hilos<»phi<Mlt‘r, ileraklit vou 
0|)hehUs/ llcrliii, ISSi)), wJio sums 
up the fuudameiital idea in the 

luMUtifuI veiWMif Oo(*the(^'edielite, 
** Fins uud AlKw’’ - 

“ Uml uiii/iihelian'iMi Uii.s Ufsrlutn'in? 

Uuniil. HKiti’s inedd. /uia Stirreii wuthir, 
\Virkl.«'WJK»‘H, Ieli«>n<llKe'i riuiij, 

Ural was niehl war, nun will ff* tvciderK 
y,\\ retiiei. Sunnon, larltuuMi Mohuu 
In k«‘jn(«in FHlIe <{arf ns ruliu, 

Us soil hieh re^iui, *M*han'f'!nl handvhi, 
Kratmeh t.'es(alU*ii, ilanii \»*r\viunllt'n ; 
Nnr .-lelHunUar HtehUs Mona no- Htill. 
n.'iH Mwh'p rfj't sich lOrf. m Allen ; 
nt‘i»n AlUs miiHH in NU'lit'i Jirrlallcn 
as liu Srln hetai oui will/' 
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iiiena and properties of natural objects, and the higher 
ethical problem of fixing upon that which is lastingly 
real and important in the continuous change of sensation 
and opinion. The latter formed the central interest of 
that course of reasoning which began with Socrates and 
euhninated in Plato and Aristotle; the former was the 
problem of natural philosophy of which Epicurus and 
Lucretius stand out as the great representatives. In 
a well-known passage of the second book of liis great 
poem, Lucretius explains the apparent rest of natural 
things l)y the simile of a Hock of lustily dancing sheep, 
which at a distance looks like a white spot on a gi’een 
hillside.^ This tendency of philosophic reasoning to see 
motion where common-sense only sees rest, to reduce 
theoretically the apparently permanent properties of 
things to a play of intricate but imperce])tible modes 
of motion, has governed still more markedly modern 
scientific thought. I shall comprise all efforts to give 
more definite^ expression to this general idea under 


^ ‘ Do Natura Kemm,’ ii. 308 — 

lu Ills rebus non est mirabile, 
(luare, 

Omnia cumronmi priuiordiasiut iiiniotii, 

Smnma tainen sumiiia viUoatnr stare 
quiete, 

Pnutortinam siqiiid propruj dat corpore 
motus. 

Omnis euim longo iiostris ab scnsibiis 
infra 

Pnmornin natura jacet ; quapropter, nbi 
ipsa 

Cernero jam nequoas, motus quoque sur- 
pere rlohent; 

Pni'sertini ouni, qino possinius cemere, 
colent 

Slope tamon motus spatio diducta lo- 
porum. 

Nam scope in colli tondenica pabula Imta 

Tjunigonr, reptant peeudes quo quamque 
vooantes 

I n vi taut herbs 0 gemmante.s roro roceuti, 

Et satiati agiu ludunt blandequc corus- 
cant; 


Oimua quie nobis longe confiisa vidmlur 
Et velut in viridi candor consistere 
colli," 

® This more definite expression is 
entirely a question of mathematics. 
It is mtcrosting to note how De 
Sage, in his ‘Lucr^ce Neutonien’ 
(Berlin Acad., 3782}, ‘‘argues that 
if Epicurus had had but a part of 
the geometrical knowledge of his 
contemporary Euclid, and concep- 
tions of cosmography t.he same as 
those of many then living, he might 
have discovered the laws of uni- 
versal gravity, and not only the 
laws, hut, what was the despair of 
Newton, its mechanical cause ” 
(Munro, '■ Lucretius,’ vol. ii. }>. 135). 
Liouardo da Vinci (1452-1519) says ; 
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tlie naiiae of the kinetic^ theory or view of nature. 
It has fi*cf[aently been plaecrl in opposition to the alomie 
theory, and tlie history of the natural plnloso])liy of tlie 
earlier ages, down to Newton, has in recent years lieen 
written from this ]M>int of view.^ If everything is 
motion, there must still l)e something that moves, and 
the question arises, What is it that moves ? Th(i 
system of E])icuriis, and the great ])oem in which it has 
found a classical expression, are really more occupied with 
describing the final elements of matter — tlie so-called 
nature of things — than with studying the differimt modes 
of their motion. In the atomic theory, in the coneejdiou 
of an infinite num])er of moving ]>articltjs, tlu^ kinetic, 
tendency of thouglit repeatedly found both in ancient 


‘‘ There in no in science 

where some tnathcniaticH are not 
ai)plic;al)le ” ((juoted by Lihswit.z, 
‘UeBchiohte der AtoniiMtik,’ IShO, 
vol. li. p, 11) ; and LeUmli!, in a 
letter to Foucher <Iated 1 69H, a >n- 
demiis his earlier tract entitled 
* Hypothesis Rhysicu’ uh a juvenile 
attempt of one who had not yet 
fathomed matheiaaticR ” (Ger- 
hardt’rt edition of Lei})ni//R ^ lUiilo- 
sophischc Schriften,’ vol. i, p. *115). 

^ The word “kinetic” .seems t,o 
have )>ecu introduced into scientiiic 
literature by Am])ere, who u.seM the 
term “cm<3inati<iue” to denote t.hat 
portion of mechanics where ‘*l(‘.s 
mouvements sonPconsidcres eii eux- 
nitoes, tels que nous les observons 
dans les cor]).s qui nous environ- 
nent, et specialoment dans los 
a))pareils appcles machines” Eswii 
sur la rhiluHOphie des Hcionces,’ 
18sJ4). In English text-l)ooks the 
term kinematics^, following Thcnn- 
son andTait (‘Natural Philosophy,’ 
Preface), is used to denote what 
French writers call “cim?jmti«|ue 


p’n*e,” foiiiicrly called “ phoro- 
noniie,” tljo doctrine of the purfOy 
geometrical proiKTties of motjon, 
*»dtliont I’cfcrenco to thf‘ vAUMi of 
motion ; the consideration of the 
latter being the .special stmly of 
‘‘kinctich,” which, together with 
“.statics,*’ is tMUiqirisod in the term 
“dynamics.” The acccqdaiice cf 
the word “kinetic” (o d^oicte the 
view that motion i.s at the, bottom 
of all natura.l prof((!,s,sos dates [iroh- 
ably from the writings of 1’hoinion 
(lionl Kelvin), Tail, ami (?lerk 
Maxwell, who, under the inlluenee 
of Newton and the great- ^Ven('h 
Hcli<M>l ?>f Lagrange*, Anqvre, Poin- 
sot, JNnn^oleL n,iid oth<*rs, havf* re 
tonmsl English, and subsf*<jiif*nt *y 
also German, thought a,nd munen- 
clal.ure in these snbjfS'ts, 

^ I refer to the highly interenting 
and important work f»f Pndwor 
Kurd LaR.switK, ‘GeHchiehte tier 
Alomiwtik vom Mlttelulter l»i.s 
Newton,’ 2 vois,, Hamburg and 
licipzig, I8i)0. 
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Descartes’ 
develop- 
ment of 
the kinetic 
view. 


and modern times a convenient resting-place; but the 
repose which it afforded has never been long enjoyed ; 
every new attempt to attach permanent, ultimate, or 
intrinsic properties to matter, or to its particles, has pro- 
voked the desire to explain these properties by going still 
farther back, and to see in them, through the dissecting 
microscope of the mind’s eye, a still more hidden xnotion. 
Two of the most suggestive ideas by which physical 
science has Ixenefited in the nineteenth century are the 
successful explanation of the dead pressure of gases by 
a rapid translational, and of the rigidity of solid bodies 
by a rapid rotational, motion of matter. The second 
of these suggestions is far from being exhausted in its 
capabilities; the working out of the ultimate problems 
which it suggests will be one of the principal tasks of 
the coming age. 

The kinetic view of nature, however useful and suggest- 
ive it may have shown itself to he in recent times, did not 
yield any fruits of real knowledge either in tho hands of 
the ancients or even in those of the first great ]>hiloso- 
ph^'pt^odern times, in those of Descartes. Just like 
stftraetion and atomism, the kinetic theory had to be 
worked out by the instruments of measurement and calcu- 
lation, by the exact method, before it led to any actual 
results. The kinetic view of nature was made scientifi- 
cally possible when Newton, in the First Book of the 
‘Principia,' laid down for all time the laws of moUon. 
And yet we can hardly say that Newton himself developed 
this px’omising vein of exploration ; for, even while open- 
ing out an endless vista of research, he also, in the enmi- 
elation of the so-called law of gravitation, afibrded only 
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one of those convejiient resting-i~>laees, those ])reiiiiiiuai‘y 
or provisional bases of thought, from which detinitc prob- 
lems could be attacked and solved. Hiw imuiediato 
influence lay, therefore, rather in discountenancing the 
attempts towards a kinetic view of nature, which belonged 
to the school of Descartes, and found an eminent exponent 
in Huygens as well as in others of his contemporaries and 
rivals ; ^ in fact, he launched into existence what I have S^wtou 
termed the astronomical view of nature, under the sway 
of which the promising beginnings of the kinetic view 
were for a long period almost forgotten, but which has 
the merit of having built up the most perfect of all 
j)hysical sciences, namely, physical astronomy. 

The sporadic beginnings of a genuine kinetic view of Kf^vivaioi 
natural phenomena, after having been cultivated with \ »'w in Hit* 
more or less success by Huygens and Euler,- (md early centurj-. 


^ Among thcHe, of whom La^swit//, ^ 
f^ives an cxhauRtivc account, must 
bo meutioHcil hpecially Jlobert 
Hooke (1035-1703). “In the hin- 
tory of the c<jrpuscular theory Hooke 
reprewenU ijuite an original idea, 
which would have been of the mowt 
f.ir-roaching iru]K)rtau<iO if Hooke 
himself had got beyond a mere 
wketcdi to an oxhau, stive theoi’y, or 
if his conceptions had, through 
Huygens’ principles of dynamics, 
been domiciled in science. 'The 
deviation frtnu kinetic Umoricjs 
caused by Newton’s discoveries 
brushed away, wit.h much use less 
hypothetical rubbish, likewise 
Hooke’s more valuable and legiti- 
mate suggestions. The doctrine 
owing to which we ])lace Hooke 
between Borelli and Huygens is his 
vibratory theory of matter. It is 1 
given in various writings, hut most ! 
clearly in his fjcctures ‘ i)e Uotontia | 
Restitutiva, or of Spring explaining ' 


the Power f>f Springing Bodies,’ 
London, 1(578 ” {op, (^iL, vol. iL [». 
329 

^ Leonhard Euler (1707-83), 
one of th*:^ greatest aualyticai 
talents of all tiiuos, whose writing.- 
contain Mkj heginnii.g- (d‘ a very 
hu'ge ]M>rtion of .suij.-.cHj[U(‘nt. nuithe- 
umtical work in pun? <nul apidiod 
science, was in physic.-, s, gn*aT, 
opponent of NcwUmi’.-^ philosopiiy 
as it. was then gcnm'ully expoinided 
tm the con tinea t of Europe, ^'he^e 
it was idenUflod in nieehanic^ 
with the theory of action at a 
distance, and, in optie.s, with th(f 
cor])us<Juhtr theory light. To 
both Euler (Opposed hi.i other 
theory, of which he gave a popular 
u<{count in hi,s celehrateal * Let ires a 
uue priueesse <VA)leiuagu({ 
of Anhalt - Dessau) ^ur ijU(‘lt|ue,N 
Miijc»ts de physitpic et. do philoso* 
jihie’ ( l*etcrrthm’g, 1708-72. 3 parts .. 
He had given a Hcleutif'e.' expo.si 
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Fresnei^^*^ in the nineteenth century by Rumford and Young, were 
united into a consistent physical theory by Augustin 
Fresnel, who has been termed the Newton of optics, and 
who consistently, and all but completely, worked out one 
great example of this kind of reasoning. He has the 
glory of having not only established the undulatory 
theory of light on a firm foundation, but still more of 
having impressed natural philosophers with the import- 
ance of studying the laws of regular vibratoiy motion and 
the phenomena of periodicity in the most general manner. 
His work was carried through, as was that of Newton, 
by a combination of observation, measurement, and calcu- 
lation; of experimental skill with mathematical al)ility. 


tion of the same twenty-five years 
before in his Berlin memoir, “8ur 
la lumiere et les coulours” (1745). 
Euler was as much opj[>osed to 
Descartes’ and Leibniz’s views as 
he was to those of Kewton, and 
though he admits having forerun- 
ners, he hardly refers to the 
principal one, viz., Huygens, whose 
well - known and useful prin- 
ciple ^ he absolutely ignores. In 
fact, in spite of liis great name and 
reputation, his ideas on the ether as 
continuously filling space, and his 
attempts to explain the phenomena 
of light, heat, magnetism, and 
even gravitation by means of this 
continuum remained isolated, and 
had hardly any influence on physi- 
cal science. His great friend and 
correspondent, Daniel Bernoulli, 
remained a firm believer in action 
at a distance, and thought Euler 
had put forward his hypotheses 
with too much assurance. It is, 
nevertheless, remarkable how 
closely the terms in which Euler, in 
his posthumous work ‘Anleitung 
zur Naturlohre’ (edited by the 
Petersburg Academy in the second 


volume of the “ Oi)era posihmna 
. . . anno 1844 detecta,” 1<S6*2), 
describes his ether as continuouhly 
filling empty space anrl existing in 
a strained {gcwaltmm) condition, 
agrec.„v;ith quite modern ideas on 
the subject. Accordingly Euler’s 
ether theory has in recent times 
been studied again by several 
writers abroad, of whom I will only 
mention E. Cherbuliez, ‘ Ueber 
einige physikalische Arheiten 
Eulers’ (Born, 1872); F. Kosen- 
berger, ‘ Dio Gescliiohte der 
Physik’ (vol, ii. 1884, p. 333 i*<7(/.); 
0. Isenkrahe in *Zeitschrift fiir 
Mathematik und Physik ’ (Hist. Lit. 
Abth., vol. xxvi.) and (‘Abliand- 
lungen zur Geschichte der Mailie- 
iiiatik,’ vi, ; and E. Miething, ‘ L. 
Eulers Lehre vom Aether’ (Berlin, 
1894), The first-mentioned autlior 
tries to answer the question why 
Euler’s ideas remained so isolated. 
He says (p. 49): “If w'e combine 
the results of Huygens’ and Euler’s 
investigations, wc see that in the 
’fifties of the eighteenth century the 
undulatory system formed a largely 
developed scientific doctrine. . , , 
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There is not, indeed, to be found in Fresnels work any 
central and simple formula — like tlie gravitation formula 
of Newton — out of which everything else Hows with 
mathematical necessity. His work lay rather in combin- 
ing a number of fruitful suggestions thrown out by 
contemporary or earlier writers into a consistent whole, 
correcting and enlarging them as was found necessary, 
and following them out into their logical eonsefpieiices. 
Thus he was able to reveal in a special branch of physical 
sciejice new j)henomcna which had remained unobserved 
or unexplained till that time. Tu order to understand 
how the kinetic view of nature has become firmly estab- 
lished in tlie minds of physicists it will be useful to eiium- 


In a. certain neuse Euler carried 
fuither the work of Huyg<‘nK, . . . 
but UH he neglected the uHeful idea 
of a wave-surf.'iee and (Wixiously 
avoided Huygenn’ principle, he 
made the theory which he wiKhed 
to defend unfruitful. . . . We think 
that Euler did more liarm than 
good to the progress of that theory. 
. . . Eulci ’a theory of light had no 
great number oi followers.” In 
England Euler’s theory was known 
and generally condemned. Priest- 
ley, in his ‘History of Optics’ 
(1772), refers to it at some length. 
In the well-kuowm attacks in wiiioh 
Lor<l Brougham treated so unfairly 
and Buperlicially the discoveries of 
Dr Young, it is suggested that tlie 
latter borrowed his ideas from 
Euler, whose natural phihjsophy is 
held in little esteem. The fact is 
that Young really went back to 
Huygens and Newton, and that he 
well knew that his own <»pinion, 
as stated in the first Pakerian 
X.iecture (1802), “was precjisely the 
theory of Hooke and Huygens, with 
the adoption of sonie suggestions 


made liy Newton liimself as not in 
themselves inu>robal)le ” (Young’s 
‘ Miscellaneous Works,’ ed. l^eacock, 
vol. i. p. 200). In spite of the 
great admiration which Young had 
f('r Euler as a mathematician, he 
admits tliat Euler “ added no 
argumentative evidence what ever to 
the [unduiatory] theory, but has 
<lone a real injury 1o th«i cause 
which he csndeavtuired to sup})ort” 
(* Lectures on Natuial Philosophy,’ 
cd. Kelland, \oI. i. p. J>80), A more 
recent and wtdl-inhiriucd writer on 
this sul*jrjc1, M. Verdet, of 

Euler: “Pion (ju’il a donm* de la 
plupart des phonomoncs c.onnus de 
son temps les ox]>li<‘ations les plus 
iuexactes, il n« iiKTite pas moiiis <!<» 
consorver dans Phistoiredoroptuiue 
une place ihninente pour av<tir <lit 
tPune nuuihVe cxjiresKC quo les 
oudulations luiuincuseH sont pdriod* 
iques c‘omme les vibrations sonores, 
el- <|U<‘ la cause dcs cUlVcrences <le 
cokiratiion est. au fond la rncme, <iue 
la cause d<?M dilFeronces dt* tonalitd ” 
(MEuvrcH de FroHncl/ !>• 

xix). 
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erate shortly the different suggestions which Fresnel 
assimilated and worked up into his celebrated physical 
theory of light. 

That light consisted in the motion of something was 
in the beginning of the nineteenth century a generally 
accepted notion among natural philosophers. It had 
been so ever since Olaiis Romer^ in the seventeenth 
century, from the observation of the hitherto unexplained 
delay in the disappearance of Jupiter’s satellites during 
eclipses, had inferred, and Bradley^ had later on con- 


^ The moons of Jupiter, of which 
two are visible to the naked eye, 
were clearly seen and described as 
one of the first discoveries with liis 
telescope by Galileo in 1610, and 
published in his ‘ Sidereus Nuncius.’ 
Owing to their continual and rapid 
change of position and their fre- 
quent eclipses, they were very soon 
considered to furnish a valuable 
means of determining the longi- 
tude at sea, and were repeatedly 
and very minutely observed. In 
the course of such observations by 
Cassini and Homer at Paris, the 
latter found, in 1675, that the period 
of occulbaticii of the nearest moon 
varied. This variation he traced 
,to the fact that the earth was 
moving towards or away from 
Jupiter. If light takes time to 
travel, the visibility of the pheno- 
menon is necessarily thus antici- 
pated or postponed. This was the 
first occasion on which data for the 
calculation of the velocity of light 
were forthcoming ; the terrestrial 
experiments of Galileo having been 
inconclusive. Homer’s explanation 
and calculation were accepted by 
most astronomers ; they were con- 
firmed by 

- the phenomenon of aberration, 
discovered by Bradley. It is ana- 
logous to the observation we can 


make in a moving railway train 
if it rains ; the drops at the win- 
dow, though they be descending 
perpendicularly, yet appearing in 
a slanting direction, in propor- 
tion to the velocity of the tram. 
Both phenomena involve the mo- 
tion of light itself and the motion 
of the observer, who receives the 
luminous impression and locates it 
in rspace and time. The principle 
involved in Homer’s discovery was 
later enunciated by Doppler, who 
maintained tliat the very short 
periods w’hioh belong to dillerent 
colours of the sjjcctrum, according 
to the undulatory theory, must 
suffer (like the longer periods in 
Horner’s occultations) by the mo- 
tion of the luminous ol^ject or of 
the observer in the line of sight. Al- 
though this theory was admitted 
in acoustics, it took some lime 
before it was admitted in optics. 
Bolzano, Professor of Religious Phil- 
osophy and a colleague of Doppler 
at Prague, foretold as early as 1 SI 2 
the great utility of the principle, 
and wrote: “1 foresee with con- 
fidence that use will be hereafter 
made of it in order to solve — by 
observing the changes which the 
colour of stars undcrgoo^ in time 
— the questions whether and in 
which direction and with what 
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firiiierl, that light takes time to travel froui one poiiit 
in space to another. Wherever time is involved in a 
plienomenon, motion of something is suggested, and 
this something, as well as the nature of its motion, 
become subjects of speculation. At the beginning of 
the nineteenth century two distinct theories existed 
regarding these matters. Both had succeeded in ex- 
plaining and ealcidating satisfactorily a large number 
of the plienomena of light as exhibited by mirrors and 
lenses, as well as in optical instruments and crystals. 
One of these theories, the so-called emission, enianatioii, 
or corpuscular theory of light, held that luminous 
bodies send out minute particles winch travel in 
straight lines, and, impinging upon the eye, create I lie 
sensation of light. The rival hypothesis, the undul- 
atory or vibratory theory, held light to consist in 
tlie periodic wave-motion of a substance called ether, 
which was supposed to exist everywhere, lilling all 
space and interpenetrating all jxnuhn’uhlo matter, lloth 
theories are kinetic or mechunical tlieorios, and (hr their 
devolupnient require the analysis of certain tnodes of 
motion. Both had to fonnulah^ their I'especfch'-iJ^ 
notions as to the something that moved. IJot.h cotild 
point to analogies in other domains of tiaiural scit^tme. 
There existed at that time similar Ciupuscnhir ex- 
planations of the phenomena of hctit., cd' ehjctrieity 


velocity tliey inovo, how flihtuut 
tliey are froiu uh, anti iimcli cImo 
hobidcB/’ a preJictiuiiJ wlueh, 
the mvcatioii of «poctruiri unalyhls 
and various (!outrover.dcH (Njmieeicd 
with the suhjoot, lias been hrilUantly i 
vorihed by the diKCiwerles <jf yfr I 


Willmui (IHJts), Fujc-Tub 

b<»t, ami otijorn. i?opplr*t'V 

priiM*3j»l<5 U really n< me ot.JuM* limit 
lh>inei'''s wuh rojitai'kod by I*, (b 
Tail hi MAdd' (llntl od. p. 

Sfo alsti MleKoh. d, 

J‘hyHik/ vol. iii. p. 70vS av/^. 
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7. 

Undulatory 
theory 
prepared hy 
acoustics. 


and of magnetism. On the other side there was the 
highly developed theory of sound, which had succeeded 
in explaining and analysing the properties of sound- 
ing bodies by studying experimentally and mathe- 
matically the vibrations of sounding strings, membranes 
and plates, and also of the air in organ-pipes and other 
musical instruments. Acoustics, the branch of science 
which treats of these phenomena, was, next to physical 
astronomy, the furthest developed and best founded of 
the physical sciences. By following up the elemen- 
tary and primitive experience, known already to the 
ancients, that sound is everywhere to be traced to the 
vibrations or the tremor of some body which has been 
struck or otherwise excited, a very complete theory, 
substantiated by many experiments, had been built up. 
Common-sense and everyday experience had originally 
suggested this line of inquiry and explanation.^ No 
other physical science wa^^-goeSiy In possession of the 
right road of inqun^y;'^ In astronomy and optics the 
suggestion of^coiUmon-sense, which regards the earth 
as statioiiSiry and light as an emission travelling in 
sfe'aight lines, had indeed allowed a certain amount of 
definite knowledge, based upon measurement and eal- 


^ Acoustics is probably the only 
physical science where this has 
been the case; as is well re- 
marked by AVhewell in his ‘ History 
of the Inductive Sciences.’ He 
there contrasts acoustics with^ as- 
tronomy and optics. He might 
have added dynamics, where Gal- 
ileo’s principle of inertia similarly 
reversed the dicta of common-sense. 
Wheweli says (vol. ii. p. 237) of 
acoustics : ** Instead of having to 
travel gradually towards a great dis- 


covery, like universal gravitation, or 
luminiferous undulations, we take 
ourstandupon acknowledged truths, 
the production and propagation of 
sound by the motion of bodies 
and of air; and we connect these 
with other truths, the laws of 
motion, and the known properties 
of bodies, as for instance their 
elasticity. Instead of epochs <»f 
discovery, we have solutions rtf 
problems.” 
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CLilation, to be acciunuIatecL A real ])liysical theory, 
however, was iiiipossible until the notions suggested 
by coimnon - sense were comi^letely reversed, and an 
ideal construction put in the place of a soeiuingly 
ol)vious theory. This was done in astronomy at one 
stroke by Copernicus; in optics only gradually, tenta- 
tively, and hesitatingly. Tlie purel}' geometrical rela- 
tions of straight lines, %vhich liglit seemed to resemble ; 
of pencils of rays, which were bent back or altered in 
their direction at the surface of i>h^ne or curved mirrors 
and of transparent bodies; seoinod to flow quite easily 
and naturally wlieii in the seventeenth century the 
simple law of refraction had been added to that of 
reflexion, known already to the ancients. I’he sciences 
of catoptrics and dioptrics, with their ap])lieation to the 
telescope and microscoi)C, were thus so cum])lote and 
useful that to many it must have seemed diflicult ami 
unnecessary to plunge into a new theory;^ esiiecially 


^ It has always been the aim of 
“geometrical optics” to free itself 
from every hypothcHiK on the physi- 
cal nature ot light, and to deduce 
properties of light from a few Himplo 
geomotricalconstructiona. ProciHoIy 
in the same way all geometrical and 
many physical properties of the 
stellar system can be deduced from 
the kinematical formula of attrac- 
tion, without <liscussiiig the nature 
of gravitation. This <lesi<ler<itum 
— so far as optics is comjciined - 
was before the mind of Sir \V. It. 
Hamilton, when, during tlie years 
he discovm'od and elubm- 
ated the theory of the “characi.cr- 
istic function, by the help t>f >vhicli 
all optical pr(d)lems, whether on the 
corjmseular or on the nndulatory 
theory, are solved by one tjumuiou 


process*’ (Tail, '' Light,’ 2nd<*d,, p. 
100). (hving to the dilHt‘ultk*s 
wiih'h liavc moi’.'* ami nu>re pre- 
sented themselves in the fniulamen- 
tal eonccpti«>ns of llm wav(eMp,*ory 
and the vi) an ting ether, of whmh 
we shall learn more in th(‘ «e«jue| 
tins e.hapter, the desire to iiring the 
phenfjmena of I'efract-ioii uinkr a 
puredy geometrical formula, and to 
emjincij)at<} (be optics of ery.^tfUh 
from physical hyisiUn’se.-., has b<** 
C()im‘ vc‘ry pnanmneed. iluygens' 
geoim'trieal eonstnudlon t>f the 
<irdiTtury and (‘xtraordinary rajs in 
uniaxial ^ crystals nns\v(‘red well. 
For hia.xial crystals Fr(Mn<*l had in- 
trodu<'.ed the wav<‘. surface, to which 
eoriTsponds Handlton’s ijharacter 
i«itm function. For tlidactic pm- 
pohOH, and for tins pracUt'al tipplicu' 
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Fo'vvton’H 
authority 
on the 
side of the 
emission 
theoryj 


as that theory failed for a long tune to explain the 
apparently fundamental fact, viz., that light travels in 
straight lines, accompanied by well-marked shadows. 
The contrary view', according to wdiich light is a tremor 
propagated like sound, was unable to explain the ex- 
istence of cleaidy marked shadows. And so it came 
about that Newton, to whom both theories were Cj[uite 
familiar, and to whom we owe great discoveries telling 
severally in favour of each of these tlieories, in tlie 
end threw the weight of his authority into the scale 
of the corpuscular or emission theory. For manj^ this 
was quite sufficient to suppress for a long time all 
claims which the tremor or wave theory put forward, 
the fact being forgotten or overlooked that Newton 
himself had pronounced the pure emission theory to 
be insufficient, and liad modified and complicated it by 


tion to cry6taU()grai)hy> it becaiue ii 
desideratum to reach the geometri'-' 
cal conception of the wave-surface 
by purely geometrical methods. 
This hairi been done in an admir- 
able treatise entitled ‘The Optical 
ludicatrix,’ by Mr L. Fletolier. He 
has shown that the construction of 
the ray, a conception*ea&ily detinod 
'"^geometrically, gives an easier ap- 
proach than the' construction of 
the wave, which introduces physi- 
cally doubtful definitions ; and 
he demonstrates how “a simple 
generalisation, involving no refer- 
ence either to the constitution 
of the luminiferous etlier or to 
the nature of the physical change 
involved in the ti'ansmission of 
light,” will lead to the ray surface 
(p. IS). For his purpose he starts 
from a surface of reference, which 
in singly refractive substance is 
a sphere, in uniaxial crystals a 


^|--sphernTd, and by inference in biaxial 
ciystals an ellipsoid with three un- 
eijual axes. This beautiful con- 
struction was arrived at, as the 
authoi’ tells us, before the detailed 
lii-'tory of Fresnel’s theoi*y had 
come to his> notice. It i& now 
known through Verdet, one of the 
ediiorftof Fresiiers ‘Works' (186\S), 
that Fresnel arrived at his w’ave- 
surface by a ]»urely geometrical 
generalisation of Huygens’ con- 
struction, and that the conception 
of the ether was Mibsequenily 
fixed so as to allow the wavo-hui face 
to be deduced tlierefrom (p. 2 1 j ; 
surely an iuterehting I'ase in the 
history of scientific thought. As 
to the insufiiciency of ]>u'rely geo- 
metrical optics for explaining tlio 
phenomena cnmieoteil with oi)tio,d 
instruments, see Cssapski, ‘''Idieorie 
der optischen Instrumente,’ lire*s- 
lau, 1893, p. 2. 
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suggesting that the rays of ligliL wtu'e possessed (jf fits ef 
easy tvansjiiission and i*elloxion, i.v., of regular periodic 
changes wliich could he measured anti iiumlierfMl, Tu 
this amplification of the simple geometrical emission 
theory Newton was driven by his own immortal 1‘esearches, 
which revealed the wonderful regularly arranged colours 
of thin plates known as Newtons rings. In i^eading, 
after the lapse of nearly two centuries, the refiectioiis of 
Newton on the nature of light, rclleetions which he never -j. 
gathered up into a compact and exhaustive tt‘eatise, as he 

fit n . . 1 i!i<* other 

did the theory of gravitation, we recognise tliat lie had theory, 
clearly before his mind the two fundauiontal ]>hcuomena 
peculiar to light, namely, its property of travfdliug in 
straight lines, and its periodicity, as revealed by (iiutain 
delicate experiments of his own. Which of the two 
theories should in the end prevail depended on tlui more 
intimate knowledge — to lie gained by experiment, and 
calculation — of the two kinds of motion involvtal ; of 
rectilinear motion of particles Tiiuler the inllnence of 
contending forces, and of the more coni]>licatod jHU'iudic 
motion peculiar to waves, tnunors, or osr iilations. TJio 
first kind of motion, being more eusil} studied and 
also more nearly related to other ])rt‘vaJIiug stmliiss, 
received earlier attention; the sec.ond ••esp(‘<iially so 


^ It iH now known 

and reco^^njsed that Newton, Until 
in the theory of gravitation aiul 
that of light, di<l n(»t propone to do 
more than give a prtdiiuinary formu- 
lation which wa^ applicalde as u 
basis for exporiuieut and (ialoulation. 
His further Hi>c(;ulationH are oon- 
tained mostly in the well-known ! 
M,iueric,s’ to the ‘Optickb,’ which i 


were extondod in latf‘r oditiouM, and 
among whu*lj, to hIiow that ho 
“<Hd not take ji^ravity for an oteen- 
tial i»ropoHy of hodie.sF* lie adilod 
one (pHMtion concernint>; iu canwe, 
chooHinf^ t<i propiMc^ if, !>y way of a 
4|ue.stu»n, hecauH(» luj was not yi.-t 
.sati«fiodahont it for want of expori- 
laentH” (Ailverf iHemont to hoimokI 
edition, 1737 ). 
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and Laplace 
against the 
ttudulatory 
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11 . 

Euler the 
successor 
of Huygens. 


12 . 

Young, r 


far as the mathematical side was concerned — was 
studied later. The former theory has been furthered 
more by the ingenuity of physical observers, the 
latter more by mathematical reasoning applied to the 
invention of crucial experiments which pure observa- 
tion would probably never have suggested. Since the 
time of ISTewton, whose name has been used in a one- 
sided way to discredit the vibratory theory, although, 
as already stated, his discoveries contributed equally to 
the formation of both views, the development of the 
corpuscular theory owes most to the experimental 
labours of Biot in France and Brewster in this country ; 
whilst no doubt Laiilace’s great predilection for atomic 
and astronomical explanation of all natural phenomena 
gave it great support in the eyes of his many followers 
and admirers. The vibratory theory was first made 
the subject of detailed study by Huygens, TSTewton's 
contemporary ; it was acceptedr-i>n purely mathematical 
grounds by Euler; the lines of reasoning on which' its 
ultimate success depended were elaborated by Lagrange's 
and d’Alembert's mathematical study of vibrations ; but 
the first great step in advance, based upon experiment 
and calculation alike, was taken by Dr Young, who 
from 1793 onward studied the subject, and who in 
1801 published his ‘Principle of Interferences.' Young 
was led to his reflections on the phenomena of light by 
an inquiry into the nature of sound, ^ a province where 


1 In bis ‘ Reply to the Edinburgh 
Reviewers " (published as a pam- 
phlet iu 1B04, see Works, cd. 
Pcacook, vol. i. pp. 192-215), Young 
gives the following history of his 
speculations : “ When I took a 


degree in physic at Gottingen, it 
was necessary, besides publishing a 
medical dissertation, to deliver a 
lecture upon some subject connected 
with medical studies, and I chose 
for this the Formation of the Human 
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the theory of vibrations had already achieved so miicli. 
He was thus more interested in the physical nature than 
ill the geometrical properties of rays of light. He was 
impressed by the analogies which exist between many 
phenomena of sound and light, and acquainted with the 
writings of the Continental mathematicians, among whom 
Euler was consjiicuous as favouring the undulatory or 
ether theory of Huygens. He noticed that in Xewtoids 
writings were to be found the germs of botli theories, 
also that the arguments by which Newton convinced him- 
self that a theory of undulations could not exjdain the 
rectilinear propagation of light, were untenable.^ On re- 
hecting in May 1801 on Newton’s l)eautiful experiments, 


Voice. . . . ^V’hon I began the out- 
line of an es«ay on the human voice, 

I found myself at a loss for a per- 
fect crmccptiou of what sound was, 
and during the three yeai’s that J 
passed at Emmanuel College, Cam- 
bridge, I collected all the informa- 
tion relating to it that I couhl 
pi’ocure from hooks, and I made a 
variety of original experiments on 
sounds of dll kinds, and on the 
motions of Iluids in general. In 
the course of these imiuiries I 
learned to my surprise how much 
furtlier our neighljours on t.he 
Continent were advanced in tlu‘ 
investigation of the motions of 
sounding bodies and of elastic Iluids 
than any of our countrymen ; and 
in making some experiments cm the 
production of sounds, I was ho 
forcibly impressed with the resem- 
blance of the phenomena tluit 1 saw 
to those of the colours of thin j^Iates, 
with which I was ah’oady ac<iuainted, 
that I began to susj)ect the exist- 
ence of a closer analogy between 
them than 1 could before have 
easily believed ” (p. 199). This led . 

VOL. If. 


to his * Outlines of Experiment's 
and Jiuiuines respecting Hound and 
Light ’ (ibid., p. IM). 

^ W^'orks, vol. i. p. 200. “ New- 

ton’s arguments from oxxieriment 
appear to me to have been sulli- 
ciently obviated by what Lamhert 
has advanced in the ‘Memoirs t»f 
Berlin,* . . . The deuamstraiioii 
attempted in i no ‘ i*iineij>ia ' ; tome 
it app<*ars to he dehtetivo. . , . 
The er*lc*l>rat(‘(l Ijfi place, in com- 
paring the o|)ini<»n.s rchper^ting 
light, is contented to call the 
Newtonian de4*trine a liypothc.ds. 
W'hnjh, on a<u*f>unt of tli<> facility 
of its application to the phenmuena, 
is extremely probable. If he had 
considered the undulatory system 
us demonstrably absurd, he w<mld 
not have e-xprossed himself in so 
umlecided a manner, . . . Much 
as I venerate the name of Newt<»n, 
am not thereton^ obliged to be- 
lieve that, he was infallible, f .^ec 
. . . with regret that he was liable 
to err, and that his atithority has, 
perhaps, Honmthnes oven I’et-arded 
the progress of HcieiK-e,'’ tScc. 


11 
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of light.” 


Theory., 
of thjtf. 

IjUStiuiferons 

-•^ther. 


he discovered a law which appeared to account for a 
greater variety of interesting phenomena than any other 
optical principle that had yet lieen made known.’' ^ This 
principle he familiarly illustrated by the well-known 
observation that two series of waves of water entering a 
channel reinforce or destroy each other according as their 
elevations coincide or alternate in time. He main- 
tained that similar effects take place whenever two 
portions of light are thus mixed, and this he called 
“ the general law of the interference of light.” He 
showed that this law agrees most accurately with 
the measures recorded in Newton’s ‘ Opticks,’ relative to 
the colours of transparent substances, and with a great 
diversity of other experiments never before explained.” 
In three papers Young entered “minutely into the con- 
sequences of the law of the interference of light.” 
Especially in the case of the remarkable phenomena 
discovered by Grimaldi, where light seems to bend round 
the edge of screening surfaces, be showed how under 
certain conditiiwis light added to light would create 
darknees,- and, if removed, would leave light ; and he 
-b'dldly generalised the imdulatory theory by maintaining 
that ^ a hiiuiniferous ether pervades the universe, rare 
and elastic in a high degree,” that the sensation of 


' Works, vol. i. p. 20*2. 

2 Tl)id., p. 203. 

‘'This, I as&ert, is a most 
powerful argument in favour of 
the theoiy which I had befoic 
revived ; there was nothing that 
could have led to it in any author 
with whom I am acquainted, ex- 
cept some imperfect hints in those 
inexhaustible but neglected inmes 


of nascent inventions, the works of 
the great Dr fiobert Hooke, which 
had never occurred to me at the 
time that I discovered the law ” 
(ibid., p. 203). 

The sentences in quotation 
marks are the headings of the 
difieront paragraphs in the Baker- 
iau Lecture of Kovember 12, 1801. 
Works, vol. i. p. 110 
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different colours depends on the different frecinency of 
vibrations excited by light in the retina, and that all 
material bodies have an attraction for the ethereal 
medium by means of which it is accumulated within 
their substance.” In all his conclusions, while differing 
from ISTewton’s doctrines, he sees the strongest proofs of 
the admirable accuracy of Newton’s experiments, but 
scarcely any remaining hope to explain the affections 
of light by a comparison with the motions of projectiles/’ ^ 
Although Young thus established a theory of tlie nature 
of light which satisfactorily removes almost every dil'li- 
culty that has liitherto attended the subject ” his view 
was only tardily accepted. Wollaston;" with tlu^ liesi- 
tancy which also characterised his adhesion to the 
atomic theory of Dalton, did not avowedly adopt Young’s 
views, though he furnished some capital oxperiniental 
support for the vibratory theory of light.^ 

Brougham, in the ‘Edinburgh lleview/ ridiculed 15. 
Young’s theories, and persuaded the public that they 
stood in contradiction with Newton's (liscovoi‘i(\s, on 
which they were really as much founded as those of 
the opposite school. Through such disfawuir, arising 
largely from a want of skill in ginsjaiig the intricate 
mathematical problems which were involved, the doctrine 
of the interference of liglit, the mainstay of tlio undula- 


^ Work^ vol. i. p. 109. 

* XjCctureH,’ ed. KelUmd, Profadc, 
p, ix. 

® “ Whatever (iiMposi tuai I >r W* >1- 
lasbon may have felt to view t.hiti 
theory with favour, he was re- 
stniined from adopting its con- 
dusioiiH by tlie habitual caution 


of his oluirac.ter, or raf.licr by the 
want of that boUl and ouiorprising 
spirit of .speculation which is tihn’o 
or 1<*sh essential to thosfi who 
make great revolutions in wsionoe" 
(Peaeook, ‘ Life Voung/ p. n7n). 
ibid., p, \i7^, 
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tory theory was, like the atomic theory of Dalton, driven 
out of the country. Little was heard of it, or of Young's 
great contribution, till it was taken up abroad, and in the 
very place where the brilliant development by Laplace of 
one side of Newton's suggestions had given plausibility 
to that form of the projectile theory of light accord- 
ing to which its material particles were supposed sub- 
ject bo attractive forces when they arrived in the 
neighbourhood of ponderable matter. Young had 
indeed shown that the introduction of such forces 
could easily be dispensed with as a basis of many of 
Laplace's calculations, and that the results could be 
got without making use of molecular attraction. He had 
emancipated himself from a belief in the infallibility of 
Laplace's methods.^ He was also one of the first to 


^ On the 20th December 1804, 
Young presented to the Royal 
Society his important “Memoir on 
tlie Cohesion of the Fluids. ” It was 
printed ill tiie‘ Transactions’ in 1 805. 
In December 1805 Laplace read 
before the Institute of France, and 
subHecpiently published in a supple- 
ment m‘} the ‘ Mecaniquo celeste,’ 
his celebrated theory of capillary 
attraction. Young bases his inves- 
tigation entirely on the existence 
of a surface tension, an observable 
and measurable property ; whereas 
Laplace falls back upon the hypo- 
thchis of an attraction of the 
smallest particles of matter, just 
as he had employed the itlca of 
an attraction of matter on the 
smallest particles of light to explain 
atmospheric refraction according to 
the projectile theory adopted by 
hitti. Ill the seiiuel this atiracLion 
is reduced to an action which in 
iuseiiHible at sensible distances. In 
a supplement to his memoir, which 


appeared anonymously in the first 
number of the ‘ Quarterly Review ’ 
(1809), Young, evidently annoyed 
that some of liis results had been 
reproduced without acknowledg- 
ment (see Peacock, ‘ Life of Young/ 
p, 205), reviewed the treatise of 
Laplace “with a severity which, 
though e.xcessive, can hardly be 
considered unprovoked or un- 
meiited” (ibid., p. 206). Inter 
if Ha he says ; ‘ ‘ The point on which 
M. Laplace seems to rest the most 
material part of his claim to origi- 
nalitj' 18 the deduction of all the 
plieuomena of capillary action from 
the simple consideration of inolec- 
ul<ir attraction. To us it does 
not apjiear that the fundamental 
jirhiciplc from wdiich he sets out 
is {it ail a necessary coiihcciuence 
of the established x>roperties of 
matter ; and w’c (‘onceive that this 
I mode of stating the question is but 
i partially jastilled by the coincidence 
! of the results derived from it with 
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eiiuii'icipate himself from the astj'oiiumical view of 
phenomena. In Eranco the matter stood <|iute diilerently, 
and nothiim better proves the Kanins of Aimiisbin Fresnel i«. 
than the fact that lie ventiii*ed against the opposition of 
great authorities to go his own way, starting from the 
beginning and devising many ingenious appeals to nature 
herself — i.e., to experiment — in order to establish n 
correct view. It is well known that liis labours had to 
wait many years for their deserved a])preciation.^ It is, 
however, only just to remark that Arago, an admirer of 
Laplace and riii intimate friend of IJiot, the great 
supporter of the projectile theory of light, was tlie first 
to recognise the im])r)rtaiice of Fresners work, and tliat 
it was largely owing to his eo-o])oration and iuiluonce 
that the midulatory tlieory of light triumphed in the end. 
Fresiiehs own lalioiirs began with the study of the 
same phenomena which had led Young to the discovery 
of “ interfei'ence ” — viz., the ‘o'ands and coloured fringc^s 
observable round the shadows of small screening objects, 
or the images of small apertures through which rays of 
light are allowed to enter: thoplumomena of diriraction 
or inflection of light. But whilst Young still cx]/lained 
these phenomejia as arising from tln^. interference of 
direct portions ” of light find such as wore reilccjted at 
the edge of the screening ol)staele, Fresnel showt^l that the 
principle of interference had a much widiu’ application, that 
it was adequate to explain why a ])oriodic wave-motioji, 
such as was conceived by Huygens, only sent out rays of 


experiment, nince he has not tie- 
inoiiritrated that a Himilar coinci- 
dence might not be o}>taino<l by 
proceeding on totally difrerent 


gronndb” (‘ (^Juarterly Review,* No. 
I, p. lOU). 

^ Hoe the firhi vuhunc of tlub 
work, p. 211 aote^ 
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light ill the direction which was in a straight line from 
the origin or centre of light ; that the lateral or secondary 
waves destroyed each other almost entirely by interference 
or overlapping ; and that the so-called inflection, bending, 
or lateral spreading of light, was occasioned by an incom- 
plete coincidence or overlapping of these lateral undula- 
tions. It appears that about the year 1815 Fresnel had, 
through a study of the phenomena of diffraction, arrived 
at a conviction, entertained by Young fifteen years earlier, 
that the projectile theory of light could not explain 
them. He had also, by a more rigorous and minute 
study of Young’s principle of interference, explained the 
reason of the rectilinear propagation of light. Yet these 
results did not materially affect the adherents of the 
projectile theory, who had been during late years very 
active in studying another class of optical phenomena, 
those of polarisation— the power whi(^h,-^^^ 
of acquiring, either by refriioEioi^-^ 
ence not discernible nierely by the eye. , This difier- 
ence consists in the fact that a ray of light very fre- 
quently — as Newton had already expressed it — possesses 
sides,” just as a flat strip or narrow tape has sides if 
compared with an ordinary thread or wire, which has no 
sides ; or as a wire drawn through a specially shaped die 
acquires sides or edges. This property was later termed 
polarity,^ a term which implies that the particles of light 


^ The word “polarity” was in- 
troduced by Malus in 1810. It is 
unfortunate, as it suggests: the cor- 
puscular nature of light. , Newton’s 
conception of , sidedness ” later- 
ality,” formed by analogy on Lord 
Kelvin’s term “chirality” to de- 
scribe right- or left - handedness, 


see vol. i. p, 482) is a better de- 
scription of the phenomenon. It & 
contained in the 26th query to the 
second edition of the ^ Optieks ’ 
(:1717). Huygens had long before, 
in his *Traite de la Lumiere" 
(written in 1 67 S, published in 169 G),‘ 
after having given a correct rnle for 
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ave unecpal properties in different directions : and the 
iroeess of revealing it was termed polarisation. Huygens 
Lad discovered this property, which he found was given 
0 rays of light if they passed through certain crystals, 
lotably through Iceland spar, which has the capacity 
>f dividing the rays so that objects seen through them 
ppear double. He could not explain it on his 
lypothesis of undulations, though he had invented a geo- 
netrical construction of the double refraction which had 
ed him to its discovery. Malus showed in 1808 that 
iouble refraction was not a necessary acconipaihnieiit (jf 
)olarisation, but that ordinary reffexion was enough to 
jive these sides to I'ays of light. Although the projectile 
heory gave no complete explanation of this property, 
.till the supposition that this one- or many-sidedness 
vas owing to certain geometrical sliapes of the pro- 
ected particles suggested that double refraction might 
)e explained by the different attraction or repulsion 
vhich these particles suffered according to the aspect 


letermiuing the course of the or<3i- 
lary and extraordinary rays in Ice« 
and spar, described the pheno- 
iienon fully, admitting at the same 
.ime that he could not explain it. 
Vhen Malus discovered that light 
night actiuire this peculiar pro- 
3erty by retlexion, Young wrote 
n a review (‘Quarterly Iteview,* 
tfay 1810) : “ The discovery , . . 
tp pears to us to be by far the most 
mportant and interesting that has 
jeen made in France, concerning 
die properties of light, at least since 
die time of Huygens ; and it is so 
nuoh the more deserving of notice, 
IS it greatly influences the general 
valance of evidence in the cotu- 
oarison of the undulatory and the 
jrojectile theories of the nature of 


light'’ (Works, vuk i. p. 2*17), And 
Malus himself, in writing to Y^juug 
as Foreign Secretary of the Koyal 
Society, liy whom he had been 
awarded the Kuiaford Medal, says ; 

Jo ne regardo pas la c<innaUsane<* 
do ces pheiif»uiene.s r<uumo plus 
favorable au syntome do rdmission 
qu*a celui dos ondulitionH. th*- 
montreut cgulement rinsuHistinfe 
des deux hypolhrMes ; on oitbt com- 
ment expluiuei' dan.s rune ou dans 
Tautro pounju<n uu rayon polarLc 
pout travorbor sous une cortaine 
incUnaison uii corps diaphane, eu 
Ko dt'robant totaloment a ia r*'- 
flexion purtiello qui a lieu Ii la bur- 
face do ccf* corps dans les cas ordi- 
nairesV’* (f|Uoied by Peuvuck, ‘Life 
of Young,’ p, 2iH note). 
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which they presented when approaching ponderable or 
attracting substances. Nothing of this kind seemed 
imaginable on the imdulatory theory, which, reasoning 
from the analogy of sound, considered light to consist 
in a rapid to-and-fro motion of the ether in the direc- 
tion of the rays of light. Sicledness or “ laterality ” 
seemed inconceivable. Eays of light possessing this 
property would (as Fresnel and Arago showed in 1816 ) 
eventually even lose their capability of interference, that, 
main property discovered by Young, the principal argu- 
ment for the vibratory theory. Every day in that 
remarkable period — when so many great observers were 
endeavouring to outstrip each other in the career of 
discovery — was making known modifications and phe- 
nomena of polarised light which no existing theory was 
yet competent to explain. It was polarisation which 
still continued to cast a dark cloud over the hopes and 
fortunes of the undulating theory.*’ ^ Thus it was 
natural that the representatives of the astronomical view 
of nature, who, headed by Laplace, had given so many 
real and some apparent explanations of complicated phe- 
nomena, and to whom the conceptions of the projectile 
theory of light seemed more promising, should think it 
time to attack the very stronghold of the vibratory theory, 
namely, the phenomena of interference, exhibited mainly 
in diffraction, and, by a minute experimental and mathe- 
matical analysis, show whether these phenomena could 
not be brought within the pale of their fundamental con- 
ceptions. For the discoveries of Young and Fresnel had 
not shaken them. Accordingly the Paris Academy of 

^ Peacock in ‘ Life of Young,’ p. 383. 
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Sciences in 1817 issued for the competition on tlie grand 
mathematical prize for 1819 the subject of Ditfraction, 
“persuaded that a deeper investigation of these plieiiomena, 
which seemed opposed to their cherished doctrine, would 
give occasion for new triumphs.” In this they were 
doomed to disappointment. At the recpiest of Arago and 
Ampere, Fresnel entered for this competition, and his 
' Mchnoire sur la Ditfraction ’ was crowned the following 
year. In it he viewed the subject from a much more 
general point of view, examining the two rival systems — 
that of emission and tliat of undulations — as to their 
capacity for explaining the phenomena of diffraction. 
The result seemed decisive in favour of tlie latter theory, 
and the impression produced was all the greater hccause 
Poisson/^ one of the judges and a believer in the emission 
theory, drew certain apparently very paradoxical consc- 


^ Yerdet in ‘ (Euvrosde Freauel,’ 
vol. i. , Preface, p. xxx\%, &c. 

The commiRbion consiRted of 
Biot, Arago, Laplace, (Jtay-LusRac, 
and Pois&on. Arago drew up the 
report, which is puhlishcd in the 
first volume of the ‘CEuvres de 
Fresnel,' No. 13. It closes with 
the following note : M. Poisson, 
depuis le rapport de la commiHsion, 
ayant fait xeniarquer a M. Fresnel 
(jue rintdgrale qui reprdsente 
Pintensite de la lumidre ditfractic 
peut aisdment s’obtenir pour le 
centre de i'ombre d’un doran ou 
d’une ouverture circulaires, celui-ci 
fit le calcul pour ce dernier c.ih, et 
trouva que I'expresKion gendrale 
dTntensite devenait alora hemblable 
fi celle de la luinidre refldchie <1ans 
le phdnomene des anneaux colores ; 
que ses minima dtaiont tout a fait 
nul et devaient presenter ainsi un 
noir ii peu pr^s parfait dans une 


lumieresensibleincnt honiogcne; du 
moins pour les trois premiers ordres, 
ofi le ddiaut d*bouiog('ndite de la 
lumidre rouge employee no se fais- 
ait pas encore trop sentir : e'e^st 
aussi ce quo rexpm(*nep a conftnne ; 
en playant le fu;^or de ja loupe du 
nnerometre hux dl, stances 
ou appercevait coumie une tacL*!!^, 
d’eiicre au ccuitre de rouverture 
circulaire.^ ... On pout rogarder 
cett e experience commo une vdriti- 
cation des formuless do M, Fi’csnel,'* 
&c. {*<EuvreH,’ vol, U p. 245). 
See also the note which Fresnel 
attached to Iur memoir (ibid., p. 
365)' memoir was crowned in 
1819, but nut published till 
An abstract of the first and a le- 
|irint of the second part had been 
published in the lUh vol of the 
* Auualesde fJhimie et de Physique.* 
Fresnel sent two copies to Voung, 
19th September 1819. 


IS. 

Fresnel’s 
Memoir on 
Difiraction. 
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quences from Fresnel’s calculations : Fresnel was invited 
to prove by experiment these astonishing results, and he 
found them actually confirmed. So far as the phenomena 
of diffraction — erroneously termed inflection — are con- 
cerned, this work of Fresnel established the fact “ that 
the theory of undulations foretells the phenomena as 
exactly as the theory of gravitation foretells the move- 
ments of the heavenly bodies.”^ It was, however, 
quite difierent if we consider that other larger class of 
phenomena ^ which revealed the fact that rays of light 


^ See Schwercl, ‘Die Beugungs- 
eracheinnugenauHclenFuiidamcutal- 
gesaetzen der Undulations - theorie 
analytisch entwickelt’ (Mannheim, 
1835), Preface, p. x. 

The history of the final estab- 
lishment of the wave theory of 
light has been written by Whewell 
in the second volume of the 
* History of the Inductive Sciences.’ 
The main sources which existed at 
that time were the memoirs of 
Young and Fresnel, and the ‘Life 
ot Dr Young’ by Peacock. This, 
history has been written agaia-v^h 
ampler materials by M.^dTerdet as 
an introduction to ^e edition of 
tiie complete works of Fresnel, pub- 
lished W 1866. It is well to read 
both accounts, as some points which 
remain obscure in the earlier are 
fully explained in the later. There 
is no doubt that Young suggested 
that the phenomena of “sided- 
iiesH,” which rays of light exhibit, 
lead to the conception of a lateral 
or transverse movement ; he also 
hinted that in biaxial crystals the 
shape of the wave might be that 
of an almond or an amygdaloid 
(article “ Chromatics,” reprinted in 
Works, vol. i. pp. 317, 322), what we 
now call an ellipsoid ; but M. Ver- 
det is right in characterising Young’s 
suggestions as vague, and vindicat- 


ing for Fresnel the full merit of 
having defined transverse vibrations 
and of having introduced the ellip- 
soid of elasticity as a geometrically 
perfect means of finding by con- 
struction the paths of rays in biaxial 
crystals. The method was quite 
independent of the theoretical views 
regarding light which were con- 
tained in the same memoir, the 
consideration of which was referred 
to a commission consisting of 
Ampere, Arago, Fourier, and Pois- 
son. Of_ these Ampere had sug- 
gested transverse vibrations as a 
means of explaining the phenomena 
of polarisation (‘^Huvres de Fresnel,’ 
vol. i. p. 394). Arago, though a great 
friend of Fresnel and a believer 
in the wave theory, never to the 
end of his life accepted the 
hypothesis of transverse vibrations 
(ibid., p. Iv.) Poisson, a supporter 
of Laplace’s molecular theory, re- 
tired from the commission ; and 
Arago, who composed the Report 
to the Academy, confined himself 
to pronouncing on the experimental 
portiem. which fully confirmed the 
general law of double refraction an* 
nounced by the author ; refraining 
from the expression of any opinion as 
to the theoretical portion, it being 
premature to do so (see ‘ CEuvres 
de Fresnel,’ vol. ii. p. 463). Im- 
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have sides, the phenomena of ‘‘ laterality (misleadingly 
called polarisation). The believers in the emission theory 
studied them with predilection, Biot at their head. Al- 
though to Young their exjdanations were unconvincing, 
their results were so perplexing that he wrote to Brewster 
in September 1815, “With respect to my own funda- 
mental hypotheses respecting the nature of light, I be- 
come less and less fond of dwelling on them, as I learn 
more and more facts like those which Mr Malus dis- 
covered; because, although they may not be incompat- 
ible with these facts, they ceiTainly gi\'e us no assistance 
in explaining them.’' ^ When Young wrote this, Bresnel 
had not yet presented his first memoir on Ditiraciion to 
the Institute ; his own labours on that matter were more 
than ten years old ; tlie phenoniena of polarisation had 
meantime absorbed the attention of opticians. In the 
summer of 1810 Arago and Gay-Lussac paid a visit to 


mediately after the reading of | 
Arago’. s report, Laplace, “who had j 
thought foi a long time that Iuh | 
analyfiLs had made the phenomena 
of double refraction depend on hirt 
emission theory,” proclaimed the 
great importance of the memf>ir, ! 
and declared that he placed the.se ! 
rehcarches above anything that had 
for a long time been communicated | 
to the Academy (* (Euvres de Frc.s- 
nel,’ vol. i. p. Ixxxvi., and vol. in 
p. 459). We are indebted to M. 
Verdet for having shown that the 
discovery of this law by F re- nel is 
independent of the theoretical con- 
siderations )jy \\hioh he tried 
synthetically to prove it. On tills 
point he says : “ Kn revdlant la 
bdno de generalisations et <le con- i 
Jectures par lestiuelles Fresnel esc j 
arrive peu peu a la dt’oouverte ! 
des loifa goneralcfe de la double re- 


f» action, ils font disparaitre uxtc 
dilficultd tjui n« pouvait mamiuer de 
rdsulter de toute etude tant soit peu 
approioiulie de .-^es dcrits iinprime.-j. 
. . . On a vu au eontraire (^ue cette 
loi s’est nianifeste a Fresnel coinme 
le re^uitat d’une gihteralisittimi tuute 
.semblablo aux generaHhalions "iipii 
out amend la piupart des grandes 
tlc‘couvertCi!i, L«»rsqu’ii a voulu 
ensuite so rendre conude de la loi 
par une thdorie mdcauiijue, il u’ost 
pH.s etounant <iu’ii ait, peut-etre h 
sou nmu, conduit cetto thuorie vers 
le but tju’il cijiuialsHiut (Vavance, 
c*t itu’il ait tU'd ddternuud, dans le 
choix dcH hyiKithese.s auxiiiaire.s 
moiute ])ar leui* vraisemblttnceintrin- 
shque quo par leur accord avec ce 
qu il etad en droit <le cou.sidiTer 
commw la veritii ” (ibid., vol. in p, 
tK. vol I p, Ixxxiv.) 

* WorkB, \ ol i. p. thU . 
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England and to Young, who learnt from them that, 
mainly owing to Fresiiers labours, his own researches 
had “ attracted much more notice in Paris than in 
London, . . . leading to some very warm discussions 
among the members of the Institute on some public 
occasions.” ^ It is likely that this visit, as well as the 
discovery of Arago that rays of light when polarised 
— possessed of laterality — lose under certain condi- 
tions their power of interference, induced Young to 
resume seriously the consideration of the subject. In 
January 1817, long before Eresnel had made up his 
mind to adopt a similar conclusion (suggested to him 
by Ampere), Young announced in a letter to Arago 
that in the assumption of transverse vibrations, after the 
manner of the vibrations of a stretched string, lay the 
possibility of explaining polarisation or laterality,” and 
the non - interference of rays whose sides are perpen- 
dicular to each other. By introducing this -conception 
of a lateral or transverse mnymiient^in^^ physical optics 
— a conception shor^ljrafterwards adopted by Fresnel — 
the data wre-'^fo vided for a complete mechanical or 
kin^tic^explanation of all phenomena of homogeneous 
rays of light — ie., of such rays as, on passing through 
refracting substances^ are not divided into several 
colours. 

Two great problems now presented themselves, one of 
which Fresnel attacked with great success. The other is 
hardly yet solved. Inasmuch as these two problems 
have largely occupied physicists and mathematicians all 
through the century, and guided their reasonings in other 

^ Peacock, ‘ Life of Young,’ p. 389. 
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branches of research, it will be useful to define them 
more clearly. 

Ever since Newton laid down the general laws of 
motion, it has been seen with increasing clearness to be 
the object of mathematical physics to describe the exist- 
ing observable or supposed forms of motion in nature by 
having recourse to the fundamental laws of motion 
coupled with the smallest possible number of assumptions 
as to the ultimate constitution of matter or of the 
moving substance. As soon as any definite assumption 
was made, it became necessary to follow it into all 
possible consequences, and not to make any new assump- 
tions so long as the capabilities of the old ones were un- 
exhausted, or so long as it was not shown either that the 
new assumption was based upon observable facts, or 
did not involve latent contradictions with those already 
admitted. Newton had led the way by making one 
great assumption in addition to laying down the laws of 
motion. This was the property of gravitation. Heed- 
less of Newton’s warning that this assumption, though 
I)roved by experiment, did in voh ascertain seeming- 
absurdities which called for further oxamnCn^^^ 
sophers like Boseovich, and mathematicians like 
busied themselves with di-awing all the consequences of 
the assumption, and they saw the most hopeful way of 
further progress in an extension of it into the realm 
of molecular physics. Young was probably one of the 
first to see the futility or the mere seiuhlance of trutli 
in the astronomical view of nature. He approached 
both by experiment and mathematically the great class 
of phenomena of small, extremely rapid, periodic move- 
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merits; and he applied his results for the purpose of 
gaining a new basis for the theory of light. His specu- 
lations were, however, not confined to this. He had 
started by studying sound and had shown its analogy 
with light ; but when he ultimately ventured on the bold 
assumption of a lateral to-and-fro tremor, he showed 
where the nature of light differed from that of sound. 
It was in this : that the tremor of sound was that of an 
elastic fluid such as air, or of any substance in which the 
movement is carried forward by alternate compression 
and expansion. But the phenomena of light seemed to 
require for their explanation two seemingly incompatible 
assumptions : first, a substance more subtle than air, incap- 
able of impeding the motion of matter in it ; and, secondly, 
a substance having vibrations resembling the tremors 
of what we term solid bodies, e.//., stretched strings. 
Young is one of the founders of the theory of elasticity.^ 


^ The history of the theories of j change of meaning, survives in raofl- 
elasticity has been written by Isaac j ern treatises. His name, as well as 
Toclhunter and continued by Pi 3 )*-i-^ 5 b«;trt)f~Huoke (*‘ Ut teusio sw 
i. m ^ peru^j^i of ' appears accordingly at the portal of 


fessor Karl Pearson. ^ 
the earlier portion of ^ the work 
shows how imperE^fit-Were the ideas 
which existS^'at^the time when 
’approached the problem in 
tiie interest of the wave theory 
of light. Tiie greatest mathemat- 
icians, like Euler, had handled the 
subject, and had damaged their rep- 
utation, especially in this country, 
by serious errors or by conclusions 
which agreed ill with experience. 
Young was one of the earliest writers 
on elasticity in the nineteenth cen- 
tury ; having given considerable at- 
tention to the subject in his Lec- 
tures on Natural Philosophy (de- 
livered in 1802, published in 1807). 
He there introduces the modulus of 
elasticity, a term which, with some 


the science. Young, though Tod- 
' hunter has a significant remark on 
his obscurity of style, stands out 
; prominently, if compared with con- 
temporary wi iters in this country, 

! by his thorough knowledge of the 
j labours of Continental mathemati- 
I cians, among whom he assigns special 
I merit to Coulomb. In general, Tod- 
I hunter has little to say in praise of 
English science in this department 
during the earlier part of the ceu- 
’ tury, aud he considers the “ perusal 
I of English text-books on practical 
: mechanics published in the first 
half of the century a dispiriting 
task,” in consequence of a want of 
clear thinking, of scientific accuracy, 
and of knowledge of the work ac- 
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He must have fully realised the diffieultj' of imaginiiig a 
substance more subtle than air and yet endowed with the 
property of rigidity, known to us only in solid liodies. 
The elaboration of the theory of light pressed upon 
physicists and mathematicians a more careful study of 
the difierent states in which inatter can exist. The 
diflerent properties which this hypothetical substance 
called ether must possess had to be matliematically de- 
iined ; and, further, it had to be shown whether it 
would he physically possible for a body, subject to the 
empirical laws of motion, to possess certain of the pro- 
perties of wliat wo term solids, and yet to be in other 
respects the very opposite of a solid. The solution of the 
first livoblem was a purely mathematical performaiK'O, in 
which many eminent laathematicians, such as Cauchy, 
Neumann, (!reen, M'Cullagh, and, Stokes,^ have been 


comj)IiKb(icl .'ibrojicl ” (vol. i. p. 105). 
“It ife difficult to picture the re- 
imirkahle hcieutific ignorance of 
practical men in England in the 
first quaj’ter of the century. One 
can only tru.st that there may be a 
chvHcr union of pra(*tice and theory 
in our own day” (p, 100). TIuh 
paH^age whh pri>bably written in the 

According to Todhuntcr, the true 
theory of elawticity was founded 
in Erauce between the years 1820 
and 18110, by Kavior, Poisson, and 
(.^auch^V on the one side ; by the ex- 
perimental work of Savart on the 
other. It had been allied with 
tlicf^retical acoustics Hince Euler’s 
time, Phladid in (Germany fur- 
thered that branch of the subject in 
three celebrated works: ‘Theorie 
des K bulges ’ (1787), *Akubtik’ 
(1802), * lleitrago :<;ur Akustik’ 
(1817). Oldadui influerjeecl the 


brothers W’‘eber, wluKse * Wellcnlehre 
auf Kxperimente gegrundet’ ap- 
peared in 1S2.5. In it wave-motion, 
such as the theories of sound and 
light had made specially interest mg 
and iia}M»rt?tnt, was oxperimeufnlly 
examined and illustrated. The 
theory of elasticity now= received a 
now* ally, viis., the elastic Hwifiry 
of light or of the ether, ^rhougTt-* 
suggested by Fi*(»snel, its real 
f<mnder was Cauchy, 

^ The natural philosopher towhom 
we are imwt indebted for bringing 
clearness ancl dcfinitenesH into unr 
ideas anil onr language in these 
very intneato subjects isHirUeorge 
Stokes.^ in two pfii>erB, jmbiished 
respectively in 1845 and lH4fi (see 
‘Matliemal leal anti Physical Papers,’ 
vol. i, pp, 75-1 21b voh ii, jjp. 
8-ty), ho has done more than any 
other writer tt> fix for nearly half 
a century the coneeptiouK ami the 
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engaged. The solution of the latter problem involved 
experiment as well as calculation. The different states 
and properties of matter had to be studied from quite 
novel points of view : they had to be defined in terms 
of the different kinds of motion and of inertia, ie., 
resistance to motion or capacity for motion. The popular 
conceptions of solidity, rigidity, fluidity, expansion, pres- 
sure, weight, required to be translated into the language 
of ordinary dynamics, that it might appear to what 


vocabulary of physical optics. He 
has, however, whilst working inde- 
pendently, been careful to point 
out to what extent his views 
agree with or are anticipated by 
tiie important writings of Cauchy 
and Poisson in France. Up to his 
time the ether -was universally 
spoken of as a fluid. Stokes led 
up to the “ elastic solid ” and the 
“ jelly ” theory of the ether. “ Un- 
doubtedly,” he says, “it does vio- 
lence to the ideas that we should 
have been likely to form a priori 
of the nature of the ether to assert 
tliat It must be regarded as an 
elastic solid in treating of the 
vibrations of light. Wdieo,'**'how- 
ev^er, we consider . . diffi- 

culty of explaimiigiheSe phenomena 
by an^3i^g?fions due to the con- 
deriiSiCtion and rarefaction of an 
f 'elastic fluid such as air, it seems 
reasonable to suspend our judg- 
ment and be content to learn from 
phenomena the existence of forces 
which we should not beforehand 
have expected. . . . The following 
illustration is advanced, not so 
much as explaining the real nature 
of the ether, as for the sake of 
offering a plausible mode of con- 
ceiving how the apparently opposite 
properties of solidity and fluidity 
which we must attribute to the 
ether may be reconciled. Suppose 
a small quantity of glue dissolved 


in a little water so as to form a 
stiff jelly. This jelly forms, in fact, 
an elastic solid ; it may be con- 
strained , . . and return to its 
original form when the constraining 
force is removed, by virtue of its 
elasticity ; but if we constiain it 
too far it will break. Suppose now 
the quantity of water to be ‘in- 
creased ’ . . . till we have a pint 
or a quart of glue- water. The jelly 
will then become thinner. ... At 
last it will become so far fluid as to 
mend itself again as soon as it is 
dislocated.^ Yet there seems hardly 
sufficient reason for supposing that 
~ at a certain stage of the dilution the 
tangential force whereby it resists 
constraint ceases all of a sudden. 
In order that the medium . . . 
should have to be treated as an 
elastic solid, it is only necessary that 
the amount of constraint should 
be very small. The medium would, 
however, be what we should call a 
fluid as regards the motion of solid 
bodies through it. . . . Conceive 
now a medium having similar pro- 
perties, but incomparably rarer 
than air, and we have a medium 
such as we may conceive the ether 
to be, a fluid as regards the motion 
of the earth and planets through it, 
an elastic solid as regards the small 
vibrations which constitute light” 
( ‘ Papers,’ vol. ii. p. 11 
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extent these various properties could exist separately or 
were mutually depeiidentd 

In the domain of sound and light the early part of 
the century was thus, as we have seen, witness of a 
useful interpretation of these various modifications as 
merely different kinds of motion : both were considered 
to be vibrations, the freciuency of which marked the 
position of a note or a tint in the musical or chromatic 


^ That is to say, the number of 
independent constants had to be 
fixed which w^ould permit isotropic 
or anisotropic bodies {i.e., bodies 
which are either equal in all direc- 
tions, or unequal in the three direc- 
tions) to be raathematically defined, 
and in consequence their behaviour 
studied, if subjected to strains and 
displacements. Over these defini- 
tions there arose the great coutro- 
versiea of those who believed in a 
small number of constants (one 
constant in isotropic and fifteen in 
anisotropic bodies against two and 
twenty-one respectively). A good 
account of these controversies and of 
their mathematical and physical sig- 
nificance wdll be found in the first 
volume of Todhunter’s ‘ History of 
Elasticity,’ by Pi-ofessor Karl Pear- 
son, p. 496 The former theory 
is termed the rari* (few) constant 
theoiy, the latter the multi- (many) 
constant theory. The rayi-con.stant 
theory is based upon the assump- 
tion that a body consists of mole- 
cules, and that the action between 
two molecules ... is in the line 
joining them. It is an outcome of 
the atomic and action - at - a * dis- 
tance theory in vogue on the Conti- 
nent, and is accordingly mainly 
represented by Naiver, Poisson, 
Cauchy, and others, notably Saint- 
Venant. The other school, mainly 
represented by mathematical physi- 
cists in this country, starts not from 
a mathematical formula (which, 

VOL. IL 


after all, loses it.s precision as the 
active ftjrcea .are reduced to tiie 
v.igue .statement that they .act .sen- 
sibly only at iiirteusil^le distance^) 
but from phyniCitl data. It is an 
analogue to Young’s theory of cap- 
illarity as against Laplace (see 
above, p. 20, note). some- 

what unsatisfactory nature of the 
results of those investigations pro- 
duced, es]>ccially in thus country, !i 
reaction in favour of the upixisito 
method of treating bodicLs as if they 
were, so far at least a.s our experi- 
ments are concerned, truly continu- 
ous. This method, in the hands 
Green, Stokes, and other-s, has led 
to results the value of which does 
not at all depend on wdiat theory 
we ad<rj t as to the ultimate con- 
stitution (Clerk Maxwell, 

‘Scientific 

“ After the French niaUxeiTTfS^j^^ 
had attempted, witli more or 
ingeimity, to cm^truct a theory of 
elastic solids from lhf> hypothesis 
that they coiusist of atoms in equi- 
librium under the action of llicir 
mutual forces, Stokes and others 
showed that all the results of this 
hypothesis, ho tar at least us they 
agreed with facts, might be deduced 
from the postulate that elastic 
bodies exist, .and fr(*m the hypoth- 
esis that the hmallest poriion.s into 
which we can divide them are 
seuHtbly homogeneouH ” (id, ibid., 
p. 449)* 


(I 
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scale, and the amplitude or height of the wave-motion 
of which decided its intensity. There was floating about 
the vague idea that heat also was to be interpreted 
as a mode of motion ; still vaguer were the kinetic 
notions as to electricity and magnetism: whilst some 
early attempts to explain gravity, not as an inherent 
property of matter, but as a consequence of the motion 
of matter itself, which was possessed merely of inertia, 
had been half forgotten. 


There is no doubt that the successful development of 
the undulatory theory of light induced many minds to 
dream of an ultimate kinetic explanation or interpretation 
of all natural phenomena, when in the course of the 
third quarter of the century this direction of thought 
received a great impetus through tliree independent 
branches of research of a purely theoretical kind. These 
have led to a very remarkable development of the kinetic 
view of nature ; in fact it is mainly through them that 
this view has become possible not only in special depart- 
ments, but on a i^^ersal "scale. They have, each in 
its own a gimt extension of our experi- 

i^i?ai^nowledge ; one of them has likewise led to many 
'tactical applications. What most interests us here is 
the peculiar direction which they have given to a great 
volume of mathematical and physical thought of our day. 

The first of these lines of research was connected with, 
and grew out of, the atomic hypothesis. It culminated 
in the kinetic theory of gases, in wi^ich the names of 
Joule, Clausius, and Clerk Maxwell are prominent. Of 
this I have treated already in the fifth chapter. It 
rests on a study of the average effect produced by a 



KINETK.’ OR MECHANICAL VIEW OF NATURE. 35 


swarm of bodies, subject to a transverse movement in 
straight lines like projectiles, and continually encounter- 
insT each other on their way. The second line of research 24. 

^ ^ Vortex 

in question is the study of bodies subject to rapid move- 
ment round an axis, but immersed in a medium which 
IS itself movable like water, but not in a rotary but 
merely in a flowing motion. The whole series of in- 
vestigations which started by defining vortex or whirling 
motion as distinct from transverse, flowing, or projectile 
motion, and from vibratory to - and - fro motion, was 
initiated by Helmholtz in 1857 in a purely mathe- 
matical paper, and then applied and greatly extended 
by Sir William Thomson in the conception of the vortex 
atom. The third branch of research had its origin in 25. 
experimental investigations carried on for many years on resttaSj«. 
peculiar lines, and quite independently, by Faraday ; it 
was put into mathematical language by Clerk Maxwell 
in his celebrated treatise on electricity and magnetism 
which appeared in 1872. It will be luy object to show 
in how far these different investigations liave coufiiuned 
and developed the kinetic view of phenomena. 

But before doing this it will be well to reali^tr^hat 
siDecific problems presented themselves to theoretical" 
physicists when once the undnlatory conception of light 
had taken hold of their minds ; what x)eculiar difficulties 
were involved; and into what distinct new lines of 
reasoning they were conducted* 

We saw above that when the gravitational explana- 
tion of a large class of phenomena had a century earlier 
gradually gained ground, a great variety of researches 
was suggested by it, and new lines of reasoning opened 
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out, which in the course of the eighteenth century com- 
bined to establish what I termed the astronomical view 
of nature. The undulatory theory of light, established 
by Young and Fresnel during the first quarter of the 
nineteenth century, was a breaking away from what 
then seemed to many Continental philosophers a prom- 
ising line of thought, a unifying principle in natural 
philosophy. As long as light was thought to consist of 
particles, however minute, which were projected from 
luminous centres, the mechanical laws of impact, of at- 
traction and repulsion, could be applied ; and they went 
a considerable way in apparently explaining the ordinary 
phenomena of light, such as motion in straight lines, re- 
flexion, and refraction. They failed indeed in the case 
of diffraction or inflection, and still more in those pheno- 
mena which were misleadingly grouped under the term 
polarisation. The new theory seemed specially adapted 
to these more recently discovered phenomena, but it had 
to be admitted that the explanation of reflexion and 
refraction of light at ±he surface of polished, transparent, 
or opaque bodies' met with considerable difficulties. The 
new. -theory had introduced the conception of an all- 
pervading, apparently imponderable substance, the ether. 
The reintroduetion of this conception into physical 
jcience was repugnant to many thinkers of the then 
prevailing school,^ and it became more so when it had — 


^ One of tlie crucial tests for 
ieciding between the corpuscular 
mcl the wave theory of light w'as 
ihe relative speed with which light 
travels in air and in water, i.e., iu 
L refracting substance. Foucault, 
;n 1850, by a very ingenious method, 
:mproved since by Mitchelson, 


measured the speed of light in 
various media. He proved that 
light moves faster in air than in 
water, whereas on the corpuscular 
theory the speed of light in water 
must be to its speed in air as 4 to 3 
approximately, “This finally dis^ 
posed of the corpuscular theory 
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for the purpose ot serving as the cairier of a definito 
kind of wave - motion — to be endowed with most mys- 
terious, seemingly contradictory properties^ Neverthe- 
less the development of this conception, the desire to 
define more minutely the properties of this fictitious 
substance of which we have no direct perception, came 
in the course of the century to guide more and more the 
work of experimentalists as well as theorists. We meet 
with objections in the beginning, when the conception was 
first introduced, such as were urged by many chemical 


philosophers when Dalton 

(Tait, ‘Light,’ p. 192). Sir G. G. 
Stokes tells us “tliat in a course 
of couver&ation with Sir Dcwid 
Brewster, who had just returned 
from Prance, where he witnessed 
the celebrated experiment by which 
Foucault had just prove<l experi- 
mentally that light travels faster 
in air than in water, he asked him 
what his objection was to the 
theoiy of undulations, and he 
found he was staggered by the 
idea in limine of filling space with 
some substance mei’ely in order 
that ‘ that little twinkling sta”,’ 
as he expressed himself, should be 
able to send his light to us ” 
(‘Burnett Lectures on Light,’ p. 
15), 

^ It is known that the two phil- 
osophers who in the middle of the 
century did more than any others to 
introduce the positive or exact spirit 
into general thinking and into 
philosophical literature, Auguste 
Comte and John Stuart Mill, were 
both opposed to the theory of an 
ether. Huxley, in speaking of 
Comte, exclaims : “What is to be 
thought of the contemporary of 
Young and of Fresnel who never 
misses an opportunity of casting 
scorn upon the hypothesis of an 
ether — the fundamental basis not 


reintroduced and formulated 

only of the undulatory theoiy of 
light, but of so much else in 
modern physioh, and whose con- 
tempt for the intellects <jf some of 
the btroiigost men of his generation 
wjis such that he puts forward the 
mere existence of night as a refuta- 
tion of the undulatory theory ? ” 
(See ‘Fhilosophie Positive/ voL ii, 
p. 440, and Huxley, * Lay >Sermons/ 
p, 134.) The fourteenth chapter 
of Miirs ‘System of Logic/ written 
originally in the beginning of the 
Torties, but subsequently anno- 
'isafted-with reference to some of 
Whftweli^K, crithiisms, e(uiiamb a 
lengthy dihctWitui^ of the hypoth- 
esis of an ether. MiTriSftiyiijyol. ii. 
p. 21, seventh edition) : “ >Vnaudi^ 
most contributed to accredit 
hypothesis of a physical medium 
for the conveyance of light is the 
certain fact that light travels, that 
its communication is not instan- 
taneous Vmt requires time, and that 
it ^ is intercepted >>y intervening 
objects. There are nnalogicH be- 
tween its phenomena and those of 
the mechanical motion of a solid or 
fluid substance, But we are not 
entitled to ahsume that mechanical 
motion is the only power in nature 
ca}»ah1ci of exhibiting these attri- 
butes/* 
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the atomic view of matter. Similar uncertainties in 
the definitions exist in both theories all through the 
century, down to the most recent times. There are 
those who still look upon both conceptions as merely 
convenient symbolisms, as ideal instruments of thought 
or scientific shorthand ; and on the other side we have it 
as emphatically stated, that the question, What is ether ? 
'4s the question of the physical world at the present 
time/’ " that it is not unanswerable/’ in fact, that it 
is not far from being answered,” that '4t is probably 
a simpler question” than the other question, What is 
matter ? ^ The whole domain of physical science is even 
divided into two portions, the physics of matter and the 
physics of ether, ^ and the older, more empirical, and 
common - sense divisions, treating separately of light, 
electricity, and magnetism, are assembled in one great 
doctrine, the " doctrine of the ether.” It is, indeed, 
somewhat astounding, if not disheartening, to hear at the 
same time from an authority who has done more than 
any other living philosopher to enlighten us in these 


^ ProJ^Oi ■"O. Lodge, in the 
P^fuce to the first edition of 
'4Sodern Views of Electricity,’ 
p. xi, “It is simpler,” lie con- 
tinues, “partly because ether is 
one, while matter is apparently 
many ; partly because the presence 
of matter so modifies the ether that 
no complete theory of the properties 
of matter can possibly be given 
without a preliminary and fairly 
complete knowledge of the pro- 
perties and constitution of undis- 
turbed ether in free .space. When 
this has been attained, the resultant 
and combined effect we call matter 
may begin to be understood.” 


2 See inter alia Professor Paul 
Drude’s *Physik des Aethers* 
(Stuttgart, 1894). In the Preface, 
p. vi, he speaks of the philosophical 
“desire of using the same funda- 
mental conceptions for the physics 
of the mther as for the physics of 
matter, whereby it remains an open 
question whether it is more service- 
able to reduce the equations in the 
physics of the tether to those ex- 
pressions which can be got from 
the observable phenomena in the 
physics of matter (the equations 
of dynamics), or whether the 
opposite road can bo chosen with 
advantage.” 
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matters, that at the present monieiit he knows as little 
as to the true nature of these agencies or suhstances as 
he did fifty years ago.^ 

Viewed from the position which we occupy in this 
history of thought — i.e., in relation to the development 
of ideas — the conception of an etlier has, however, like 
the atomic theory, had the most marked influence on 
scientific research and reasoning. Jii digging for a hidden 
treasure, in trying to describe the atoms or the ether, 
many practically useful conceptions, applicable to tangible 
phenomena, have been discovered. The atomic theory 
led at once to an enormous increase of our knowledge C)f 
different forms of matter, the knowledge of the elements, 
and of their innumerable possible compounds. The con- 
ception of the ether has led similarly to an enormous ex- 
tension of knowledge of the different possible forms of 
motion. It is in this sense that we are greatly indebted 
to these abstract conceptions : both have guided our ideas 
in trying to understand and gi’asp the endless variety 
of phenomena. Let us see how from the early years 
of the undulatory theory of light our knowledge 
regarding the different forms of motion\as how 

that theory has contributed to the kinetic view of natxTfe^ 


^ Lord Kelvin, in referring to 
fifty yeara of Bcientific labonr, aaiil 
(see the publication by Jameh 
Maelehose & Sons of the prooetHliugs 
at his jubilee , in 1896, p. 70): 
know no more of electric ami 
magnetic force, or of the relation 
between ether, electricity, ami 
ponderable matter, or of chemical 
affinity, than I knew and tried to 
teach to my students of natural 
philosophy fifty years ago in uiy 


I fteHshm as professor. Bomo- 
! thing of must come of 

' failure; but . . . what splciidid 
I oonipcnsntioji for pJuloHopbkal fail* 
j ureswe have hud in the aduurablc 
I dwroveried by observation uiul ex- 
I poriiucnt on the propertien <»f 
' matter, and in the ex<{uiHitrdy 
beneficent applicutioim of scien<;e 
to the use mankind with which 
tiiuHe fifty years have so aboumlodd’ 
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It was recognised by Young, and still more clearly by 
Fresnel, that the medium which they supposed to be the 
carrier of light could not have the ordinary properties of 
either a solid, a liq^uid, or a gas. It offered apparently 
no resistance to the motion of the heavenly bodies, ''its 
waves were not like those which in air produced sound ; it 
propagated its waves at a speed much greater than any 
other velocity known at that time ; at the same time the 
wave-motion was not that of a body possessing the pro- 
perties of a gas — an elastic, compressible fluid : it was 
that of a body offering resistance to change of form rather 
than to change of bulk. It was evident that the different 
properties, which we see roughly assembled to constitute 
the three forms of ponderable matter with which we 
are practically acquainted, the solid, the liquid, and the 
gaseous, cannot be assembled in any similar manner in 
this imponderable substance, the ether. It was bound to 
have inertia — i£?.,mass — otherwise the lawsof motion could 
not be employed in dealing with it, and mathematical 
thinking about it woul^be impossible. A more perfect 
description of the - elementary movements which con- 
stitu^^Jight' evidently required a minute experimental 
«^uay, and a closer mathematical definition of the dif- 
ferent properties of matter, known popularly but not 
very clearly under the terms compressibility, rigidity, 
mobility, elasticity, viscosity, &c., and of the inter-de- 
. pendence of these clearly defined properties one on the 
other. Just about the time when the vibratory theory 
of light began to be seriously entertained by natural 
philosophers, a beginning had also been made in this 
study: the theory of elasticity had been founded in 
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France by iTavier and Poisson. One of the greatest 
analysts of the century, Augustin Cauchy, had like- 
wise applied himself to it; and when Fresnel, in the 
year 182G, brought out his great memoir on double 
refraction in crystals, in which he was obliged to enter 
more closely into the properties of the luminiferous ether 
and its relation to ponderable matter, Cauchy was induced 
to devote himself more specially to the matheinatical 
problems which presented themselves. Before his time 
the theory of elasticity had been studied more as con- 
nected with questions of practical engineering, sucli as 
the strength of materials, the stability of buildings, the 
construction of machines, or with the properties of musical 
and sounding bodies. A new interest was created by 
Fresnel’s researches.^ The question arose, Ho%v are we 
to describe the vibrations of an imponderable substance, 
endowed with mass (density) rigidity, and what con- 
ceptions can we form of the change of these vibrati<nis 
if there is present likewise ponderable matter ? Evi- 
dently upon the clearness and correctness of these 
notions depends the explanation of the jdienomcna observ- 
able when rays of light fall upon the vsur faces- dimns- 
parent or opaque bodies. We have to ask: In wliafT 
terms (viz., of different kinds of motion) (iun we define 
and describe, and accordingly calculate the phenonema 
of reflexion, refraction, scattering dispersion), anti 
absorption (f.c., extinction) of light ? A tolerably clear 


^ See Verdet in ‘(EtivrcH do 
Fresnel, ’ vol. i. p. kxx : Lew 

seuL ecrits antdrieurw k Fi'Cteiiel 
oti Ton trouve des notinnrt just oh 
sur les iiK^alites cVcli'tsticitd (|ui 
peuvent exister daim les oorpa et 


Hur leur repurtitioii par 

rapjHirt eertaiim axes m plans ile 
syiudtrie oeux du iniuo* 
ndogiHt e alleuuuid Sutuuel t'hrUtian 
Wedrt Mdui. <{c* TAiwl de BiTltn * 
1835 ). 
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definition of the kind of motion constituting a pencil of 
homogeneous light in the free ether or in atmospheric 
air had been given by Tresnel. Experimentally the 
velocity of a wave-motion of this kind was known ; it 
was subsequently ascertained that this speed was not 
the same in air as in the free ether, the so-called 
vacuum. It was also known that this speed in an 
elastic medium, such as the ether was supposed to be, 
depends upon the density and the rigidity of the medium. 
But when rays of light — the wave-motions of the 
ether — arrive at the surface of liquid or solid bodies, 
various changes are known to take place. These changes 
had been to some extent described and brought into 
measurable terms by experiment, and it had been shown 
in a general way by Huygens, and more completely by 
Fresnel, how these observed changes of reflexion, refrac- 
tion, and dispersion could be translated into the language 
of the vibratory theory. Complicated and yet very elegant 
geometrical constructions, at which Fresnel arrived by an 
intuitive or tentative process,^ enabled the course of rays 
inside transparent, doubly-refracting substances, such as 
crystal^ to be calculated ; a whole geometry of rays was 
'developed out of these representations ; now phenomena 


^ The equation of the wave -sur- 
face was not explicitly given by 
Fresnel himself, M. Verdet says 
(*(Euvres do Fresnel,’ vol. L p. 
Ixxv) : “ Fresnel n’a pu lui-mume 
vouir h bout de ces difhcultds et n’a 
m obteuir reqiiation de la surface 
de I'oiule qu’en la supposant a priori 
du quatricme degre, et ealculant la 
valfiur de see coefhcients do maniere 
qu’ils satisfisseiit a certaines condi- 
tions faciles a. dcduirc de la con- 


sideration des ondes planes norniales 
aux trois plans de symdtrie du 
milieu. Ampere est le premier qui 
ait effectud le calcul d’une inaniere 
rigoureuse.” However, “ the con- 
struction yields the wave-surface iti 
such a way that its singularities 
are not obvious, and were only re- 
marked by Sir W. R, Hamilton 
several years after Fresnel’s death ” 
(Fletcher, ‘ The Optical Indicat- 
rix,* P' 31). 
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of refraction, such as conical refraction, were mathe- 
matically foretold and experimentally verified.^ The 
real physical question, however, remained unanswered; 
and it remains only partially answered up to the present 
day.^ How is it that the luminiferous ether, when ex- 
isting inside ponderable matter, like air permeating a 
grove of trees — as Young put it — is so changed that its 
waves travel with variously altered speeds, that in 
different directions the rays acquire different pro- 
perties, are differently maintained or partially extin- 
guished (absorbed) ? It was natural to suppose that 
the particles of ponderable matter must in some way 
affect the ether, changing its density or its rigidity, and 
that they themselves are affected by the movements' 
of the ether which lills their interstices. The question 
can only be exhaustively answered by a complete know- 


^ Tho Bubsequent suggestion of 
the phenomena of inner and outer 
conical refraction, experimentally 
verified by Humphrey Lloyd in 
1833 (see his “ Miscellaueous l^apers,* 
No, 1, or Transactions, Royal Irish 
Academy, vol. xvii.), was poimlarly 
regarded as a complete proof of 
the correctness of the wave-surface, 
and of Fresnel’s entire theory. But 
as to the first point, Sir G. G. 
Stokes showed (Brit. Assoc. Report 
on Double Refraction, 18fi2, p, 
270) that conical refraction “must 
be a property of the wave-sur- 
f.ice resulting from any reasonable 
tlieory.” And as the wave-surface 
itself can be geometrically con- 
structed without any reference to 
the mechanical theory of the other 
(iis Mr Fletcher ha.s most exhaus- 
tively shown), the prediction of 
conical refraction cannot be re- 
garded as a proof of Fresnel’s 


theory. Todhunter-Pear^on says ; 

But for Cauchy’s magnificent 
molecular researches, it might have 
been possible for Fresnel to com- 
pletely.^acrifico the infant theory 
of eKistici{y,,to that fiiinsy super- 
stition, the mechanical dogma, on 
which he has endeav()ui'‘ed..lio base 
his great discoveries in ng’ht.^ 
Caucliy inspired Green, and Green "" 
and his followevB have done some- 
thing, if not all, to reconcile Fres- 
nel’s re.sults with tho now fully 
develojjed theory oi ela.sticity, the 
growth of which his dogma at one 
time seriously threatened to check ” 
(‘Hisfc. of Elasticity,’ vol. i. p. 
167). 

•-* In 1862 Sir G. G. Stokes “ex- 
pressed his belief that the true 
dynamical theory of double refrac- 
tion had yet to be found ” (Hepurt, 
p. 268), 
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28 . 

The problem 
of the ether 
may be 
treated 
mathe- 
matically, 


29 . 

or experi- 
mentally. 


ledge of the mechanism of the ether on the one side, of 
ponderable matter on the other. Two ways are open by 
which a solution of this ultimate or fundamental problem 
can be solved. The one is purely mathematical. It 
means the analysis of all the possible modes of motion of 
a given mechanical system, and of the mutual influence 
which two interconnected mechanical systems, that of the 
ether and that of ponderable matter, exert on each other. 
This is a perfectly definite though a very intricate prob- 
lem. It is a problem which can be compared with — 
though it transcends in complexity — the analytical prob- 
lem suggested by the gravitational view of physical 
astronomy : to calculate mathematically the movements 
of any number of bodies attracting each other according 
to Newton’s formula. The other way is the experi- 
mental method — to observe how under methodically 
altered conditions rays of light are modified in colour 
(wave-frequency), in direction, in intensity (amplitude of 
wave-motion), in laterality (polarisation), and in other 
ways ; and then to translate these conditions and altera- 
tions into the now fairly well-established language of 
the ^vibratory theory ; gaining in this way indications as 
1,0 the changes which the wave-motion is capable of, and 
inferring from these possible changes the original con- 
stitution (usually called the constants) of the primary 
substances — the ether and the ponderable matter which 


come into interaction. 

30. It may in general be stated that neither of these two 
S>Tnmg^^ methods has for any length of time been pursued alone, 
methods, but that progress has nearly always depended ixpon an 
alternating employment or a combination of both. On 
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the one side we have a great volume of purely analytical 
reasoning begun by Cauchy in France, and pursued 
under varying assumptions by Green and MacCullagh in 
England, by F. Neumann and others in Germany. On 
the other side we have the purely experimental work 
beginning with ‘Wollaston and Brewster in England, the 
refined methods for measuring the speed of light invented 
by Fizeau and Foucault, the beautiful contrivances for 
experimental research and verification of Jamin and 
many others. Out of so many fruitful conceptions 
which have resulted in an enormous accumulation of new 
knowledge of actual phenomena of light and wave-motion 
— the real and sole end and aim of all theory — I will for 
the purpose of illustration single out one which in the 
middle of the century opened out an entirely new field 
of iiifpiiry, forming almost a new science by itself. I 
refer to spectrum analysis. anuiysiH. 

The phenomena of dispersion (rainbow scattering) and 
absorption (partial or complete extinction) of light were 
among the earliest known, and had been among the 
longest studied, properties of bodies. Being, besides, 
connected with the physiological, subjective, and artistic 
effects of light, they liavo always commanded special 
interest. And yet, so far as either the emussion or 
the undulatory themy is concerned, tliey have always 
presented sj)ecial difllcuities. When the wave theory 
was first propounded, it was generally understo<»d on 
the analogy of the ijhoiiomenon of sound that difference 
of colour depends upon difference of frequency, or where 
the velocity of propagation fas in vacuo or in atmospheric 
air) is the same, on the length of tlie waves. The diffb 
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culty arose of explaining how in refracting substances, 
he they fluid, amorphous (singly refracting), or crystalline 
(including doubly refracting), these different rays, with 
iliflerent wave-lengths, come to travel with clifierent 
velocities, and hence take different courses ; how, further, 
some of these rays come to he extinguished or reflected 
(or Ijoth) in varying degrees. 

Now, although the complete answer to this general 
question has not yet been given, a principle has been 
recognised which gives us a clue to the possible explana- 
tion of a large class of phenomena, and which is thus of 
remarkable fruitfulness. It was first laid down by 
Euler, ^ a pure mathematician, whose physical reasoning 
was frequently suggestive but never particularly clear and 
definite; it was probably first applied to optical phenomena 
by Sir George Stokes ; ^ and it was later on used by him 


^ In the last section of his treatise 
on light and colours {‘ Berlin Me- 
moirs,’ 1745; published in Latin, 
174(3), Euler treats of luminous, 
reflecting, refracting, and opaque, 
bodies, and he there mentions the 
analogy which exists with musical 
respnarHJe;"' The smallest particles 
.[jgF' opaque bodies] are similar to 
stretched strings, which are, as it 
were, specially receptive for certain 
vibrations, which they can assume 
without being struck, if only they 
are affected by the undulatory 
movement of the air. * ‘ In his 
expositions upon light and colours, 
Euler always starts with the analogy 
of sound and light ; he follows it 
with absolute consistency” (Chcr- 
bulie/., ‘Euler’s physicalische Ar- 
beiten,’ p. 44). This analogy was 
exactly what was absent in the in- 
vestigations of Brewster, who re- 
mained to the end an adherent of the 


projectile theory. Balfour Stewart 
came nearest to the true explana- 
tion in his memoir of 1858 (‘ Trans, 
of the lioyal Society of Edin- ' 
burgh,’ 1861) ; but this referred to 
radiant heat and to Prdvost’s theory 
of exchanges. It contains the 
words : “ The absorption of a plate 
equals its radiation, and that for 
every description of heafc” (p. 13). 
Had this statement been distinctly 
applied to luminous rays, spectrum 
analysis would have been his dis- 
covery, although his theoretical 
proof might be regarded as in- 
buflticient (see Schemer's treatise 
on Astronomical Spectroscopy, 
transl. by Frost, 1894, p. 112 ; also 
liosenberger’s ‘ Geschiohte der 
Physik,’ vol. iii,, 1890, p. 482 s<?.) 

“ See the references given on 
p. 277 of the first volume of this 
history. 
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in giving a mechanical explanation of the claik and bright 
lines of the spectrum, up(jn which Kirchlioff and Bunsen 
founded spectrum analysis about the year 1860, 

Wollaston^ had in 1802, on examining the solar 
spectrum (the succession of rainbow colours expanded on 
a white screen placed behind a prism of white glass 
through which a narrow beam of sunlight is made to pass), 
noticed that with a sufiicient enlargement black lines in 
great number could be detected. Fraunhofer,^ in Munich, 
made a special study of them, named them by letters of 
the alphabet, and compared the solar spectrum with the 
spectra of artificial terrestrial sources where light is 
created by combustion or incandescence. He found that 
these spectra differed, the peculiar colour exhibited hy 
various liames being defined in the spectra by special 
bright linos of different coloixrs. Thus notably the two 
dark lines called by him D in the solar spectrum were 
replaced in the spectrum of a flame in which a volatile 
salt of sodium was present, by two bright lines : Brewster 
found the same coincidence of others of Fraunhofer’s 


lines with the bright linos of a flame in which nitre was 
volatilised. Very similar and vexy accurate obser^^ations 
of A, Miller as to the identity of the dark lines I> in tlm 


solar spectrum with the two bright lines of the sodium 
flame were explained by Sir Gr. Stokes aljout the year 
1860 by the following theoretical reasoning: The sodium 


^ method of examiaing re- 
fractive and dispersive powers by 
prismatic refieetiuii” (‘Trans, of 
the Royal Society,’ 1802). 

Fraunhofer, wlmsc epitaph, 
** approximavit sidera,” desenoes 
beautifully his life-work, was led to 
the cliboovery of the lines named 


after him iu liis izivostigatioiis of 
the ** refractive and disperHive 
powers of various kimk of ghibn'’ 
tor the purpose of iinprovipj^ the 
achromatic telescope (‘ Uenkschrif- 
ten der Muiichener Akademie,’ voh 
1, 1814-16), 


32 , 

The clue 
furnished 
hy the 
plietiomera 
on which it 
depends. 


33 . 

Sir a. 
Stoht'S. 



48 


SCIENTIFIC THOUGHT. 


34 . 

Gustav 

Kirchhoft’, 


flame which emits the two bright lines in its own spectrum 
destroys them (replacing them by two dark lines) in the 
spectrum of a ray of light which passes through the 
sodium flame.’- Foucault had in 1849 already shown 
the direct reversal of the sodium line in the spectrum of 
the eiecrnc arc. These earlier anticipations remained 
partly unnoticed, partly unknown, or were looked upon 
as isolated cases, and it was reserved for G-ustav Kirch- 
hoff to put this remarkable property of emission and 
absorption of special colours by coloured flames into 
practical language, and express it in a general way. He 
wrote in 1859:^ “I conclude that coloured flames in 
the spectra of which bright lines present themselves, so 
weaken rays of the colour of these lines, when such rays 
pass through them, that in place of the bright lines, dark 
ones appear as soon as there is brought behind the flame 
a source of light of sufficient intensity, in which these 
lines are otherwise wanting.” And when he concluded 
further that the dark lines of the solar spectrum which 
are not evoked by the atmosphere of the earth, exist 
in consequence of the presence in the sun’s atmosphere 
of those substances which in the spectrum of a flame 
■produce bright lines at the same place, he at once gave 


1 From this he inferred that the 
presence of sodium vapour in the at- 
mosphere of the sun would explain 
hy absorption the two dark lines in 
the solar spectrum. Lord Kelvin 
reports that in consequence of this 
observation of Stokes he I’egularly 
taught bis Glasgow students that 
sodium must be in the sun’s at- 
mosphere. See the reprint of the 
coiTespondence on this subject in 
the ‘ Gesammelto Abhandlungen ’ of 


Kirchhoff, 1882, p, 639, where it 
will also be seen that Sir W. 
Crookes claimed a similar anticipa- 
tion for Miller in 184(3. See also 
Sir W. Thomson’s ninth Baltimore 
Lecture. 

- See the translations of Fou- 
cault’s and Kirchhojffi’s memoirs 
sent by Sir G. Stokes to the 
‘ Philosoi>hical Magazine ’ of March 
1860, p. 194 
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birth to two great applications of his principle — the 
search, through the study of the spectra of distant stellar 
sources of light, after the ingredients which are present 
in those distant luminaries, and the search, through the 
study of the flames of teiTestrial substances, for new 
spectral lines announcing yet undiscovered elements.''^ 
Whilst in these two independent directions an enormous 
amount of new knowledge has been accumulated, the 
mechanical explanation through which Sir G. Stokes 
anticipated these phenomena, and the further applications 
of this principle by him, have done much to conflrm the 
conviction, that in looking upon light as a vibratory mode 
of motion, we are on the road towards an adequate 
description of these phenomena. 


^ To this principle we owe the 
spectrum analysis of stellar at- 
mospheres and the discovery of 
new chemical elements, of which 
no fewer than six have been iden- 
tified by this method, beginning 
with ctesium and rubidium (found 
by Kirchhofi* and Bunsen in the 
waters of some mineral springs). 
The suggestion of Doppler, men- 
tioned above (p. 10, note), has only 
become fruitful through the inven- 
tion of tile spectroscope. Colour 
differences originating through tho 
change of the frequency of vibra- 
tions depending on cosmical veloc- 
ities in the line of sight, could 
not be discovered by the most 
sensitive eye. In the spectrum, 
however, shown by the spectro- 
scope, “ not only the colours of the 
bright lines have been altered, but 
their position' in the spectrum 
relatively to a fixed point of 
reference as well. , . . The measure- 
ment of the displacement of spectral 
Imeh in consequence of the altered 
refrangibility of the rays is the only 

VOL. XL 


method yet known which possesses 
sufficient accuracy for determining 
the motions of objects in the line 
of sight. Thus far it has not been 
possible to jjroduce in ulie laboratory 
velocities high enough to occasion 
a perceptible diS]jlacemeut of tho 
lines” (Selieiner, Iqq. cit.f p. 14S), 
And as Doppler's principle in 
acoustics^ WJps proved directly by 
Buys Ballot thru agli-tUejvhis tie on 
moving railway trains, so'^ik hiiT' 
been proved directly in optics by 
observing the displacement in the 
lines of the solar spectruia, when 
this is derived from the outer rays 
of the sun’b disc, the light-giving 
parts moving in the line ot sight 
towards or away fioin the observer 
in consequence of the rotation of 
the sun round its axis. “ The ro- 
hulting velocity of the surface of 
the sun is found to agree very 
closely with the resulth of direct 
observations of the revolution of 
the spots, thuH practically furnish- 
ing a jjroof uf the conectuess of 
Doppler's principle ” (ibid, p. 149). 

D 
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We have seen above how Ihe -sabratory theory of light 
was arrived at — mainly in the hands of Young — through 
dwelling on the analogy of certain optical phenomena, 
notably those of interference, with the properties exhibited 
by sound. Among the latter none were more remarkable 
than those known popularly as consonance and resonance. 
Sir George Stokes, on the appearance of Kirchhofl’s memoir 
on the relation of emission and absorption of certain rays 
of light, gave the mechanical explanation in the following 
words : ^ ‘'In describing the result of a prismatic analysis 
of the voltaic arc formed between charcoal poles, M. 
Foucault * found that the arc presents us with a medium 
which emits the rays D on its own account, and which at 
the same time absorbs them when they come from another 
quarter.’ . . . The remarkable phenomena discovered by 
Foucault, and rediscovered and extended by Kirchhoff, 
that a body may be at the same time a source of light, 
giving out rays of a definite refrangibility, and an ab- 
sorbing medium extinguishing rays of the same refrangi- 
bility which traverse it, seems readily to admit of a 
dynamical illustration borrowed from sound. We know 
that a stretched string which on being struck gives out a 
certain note, is capable of being thrown into the same 
state of vibration by aerial vibrations corresponding to the 
same note. Su[)pose now a portion of space to contain a 
great number of such stretched strings, forming thus the 
analogue of a ^medium.’ It is evident that such a 
medium, on being agitated, would give out the note above 
mentioned, while on the other hand, if tha-t note were 
sounded m air at a distance, the incident vibrations would 
1 ‘Phil Mag.,’ Marclx 1860, pp. 194, 196. 
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throw the strings into vibration, and consequently would 
themselves be gradually extinguished, since otherwise 
there would be a creation of vis viva. The optical applica- 
tion of this ilhistration is too obvious to need comment.” 

Already ten years before Kirchhoif gave to the 
researches into the spectrum their , popular celebrity and 
pi'actical importance, Stokes ^ had made an extensive ex- 


'' The memoir of Sir Gr. Siokeii 
“on the change of the refraugi- 
bility of light,” in the ‘Philos. 
Transactions’ (May 1862), forms a 
landmark in optical science, and 
'whilst dealing with the less obvious 
— though very frequent and general 
— phenomena of fluorescence and 
phosphorescence, really indicated 
the line of reasoning which has 
become so fruitful and suggestive 
in his own hands and in those 
ot other eminent natural phil- 
osophers. On page 549 of that 
memoir he wrote: “All believers 
in the undulatory theory of light 
are agreed in regarding the pro- 
duction of light in the first instance 
as due to vibratory movements 
among the molecules of the self- 
luminous body. . . , Nothing then 
seems more natural than to suppose 
that the incident vibrations of the 
luminifei'ous ether produce vibra- 
tory movements among the ultimate 
molecules of sensitive substances, 
and that the molecules in turn, 
swinging on their own account, pro- 
duce vibrations in the luminiferous 
ether, and thus cause the sensation 
of light. The periodic times of 
these vibrations depend upon the 
periods in which the molecules are 
disposed to swing, not upon the 
periodic time of the incident vibra- 
tions,*’ Referring, then, to the 
dynamical difficulties which attach 
to such a view, he proceeds to point 
out “that we have no right to re- 
gard the molecular vibrations as 


indefinitely small. The excursions 
of the atoms may be, and doubtless 
are, excessively small coinpcired 
with the linear dimensions of a 
complex molecule. It is well 
kuowm that chemical changes take 
place under the influence of light, 
especially the more refrangible rays, 
which would not otherwise happen. 
Ill such cases it is plain that the 
molecular disturbances must not be 
regarded as indefinitely small. 
But vibrations may very well take 
jilace wdiich do not go to the 
length of complete disruption and 
yet ■v’hich ought by no means to be 
regarded as indefinitely small. . , , 
Certainly we cannot affirm that in 
the disturbance communicated back 
again to the luminiferous ether 
none but periodic vibrations would 
be produced having the same 
period as the ihcid^Lo^lbrations. 
Rather, it seems that 
irregular motion must be produced 
in the molecules, periodic only in 
the sense that the molecules vehiin 
the same mean state ; and that the 
disturbance which the molecules in 
"turn communicate to tlie other 
must be such as cannot be expressed 
by circular functionf, of a given 
jieriod, namely, that of the incident 
vibrations,’” Stokes then refers to 
the pn^bable mtenial vibration of 
the at(mis in the compound mole- 
cules, as “ it is chiefly among organic 
compounds . . . having a compli- 
cated structure that internal dis- 
persion (fluorescence) is found." 
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35 . 

Explaiia* 
tlOB of 
fluorescence. 


amination into the question how vibrations of the 
luminiferous medium can be mechanically transferred to 
the compound molecules of a transparent body, and 
retransferred again to those of the ether itself — ie, 
tlie question of the absorption and emission of light. He 
showed that vibrations of a certain period, corresponding 
to a definite tint of colour, could eventually give rise to 
vibrations of altered period in the emitted light; that 
tliis period, however, must always be longer — i.e., that 
the new colour must always be of a lower order in the 
scale of refrangibility. He was thus not only able to 
explain mechanically the peculiar luminosity which he 
termed rtuorescence,^ and which had been observed by 
Herschel and Brewster in certain minerals and solutions, 
and independently studied by E. Becquerel in France, 
but he also showed how, by means of such substances, 
rays of light which, owing to the frequency of their 
vibrations, transcend the perceptive powers of the 
human eye, can be made visible by giving rise to 
secondary waves of less frequency. The line of reason- 


^ The^„4grm' fluorescence 

by Sir G. Stokes by analogy 
with opalescence as involving no 
theoretical suggestion, in place of 
the earlier names of “ internal 
dispersion” or ‘‘epipolised light” 
used by Brewster and Herschel. 
He, however, very soon favoured 
the term “degraded light,” sug- 
geste<l hy William Thomson (Lord 
Kelvin) (see the second memoir, 
1853, p. 387). The latter was at 
that time occupied with bis cele- 
brated ami not less epoch-making 
researches referring to the dissipa- 
tion or degradation' of energy, of 
which more m the next chapter, [f 
we remember that fifty years ago 


the term radiation was not yet 
generally used to embrace the 
invisible chemical (ultra-violet) and 
caloric (infra-red) I’ays ; tlnit photo- 
graphy, whicli more than any other 
process has familiai’isecl us with 
chemical radiation, was a compara- 
tively recent invention ; that the 
ideas of conserviitiou, conversion, 
and degradation of energy wei'e 
(juite new; that the general term 
energy had not even been invented, 
— we must indeed regard the words 
of Sir G. Stokes as containing a 
prophetic programme of the ideas 
and problems of the whole subse- 
<juent period down to (j[uite recent 
times. 
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ing here employed gave the clue to all subsequent 
attempts to deal with the difficult problem of the inter- 
action of the ether and ponderable matter ; of the pos- 
sible alteration of the density or the rigidity (called the 
elastic constants) of the ether when filling the interstices 
of transparent bodies : of the meelianical differences which 
make some bodies transparent for some and opaque for 
other rays of light. Many possible modifications were 
theoretically foreseen, giving rise to lemarkable unex- 
pected phenomena, and these were frequently verified by 
subsequent experience. The whole theory of light 
entered upon a new phase as it became more and more 
evident that the study of the vibrations of the elastic 
medium was not sufficient, but that it must be supple- 
mented by that of the interaction of two vibrating 
systems, the ether and the molecules of the ponderable 
substance, which give rise to the phenomena of partial 
reflexion, refraction, dispersion, and partial or complete 
absorption. This more complicated problem in the 
theory of elasticity had already presented itself in its 
simpler form in the theory of the pendulum. To the 
principle of optical consonance which iiad beeif employ ed 
to explain the phenomena of absorption of light was 
added, in order to explain the phenomena of disper- 
sion, the ]3rinciple of the free and forced vibrations 
of a vibrating system.^ 


“ If to the bob of a peudulum, 
executing horizontal vibrations, 
another pendulum be attached, exe- 
cuting vibrations of a slightly 
shorter period, the elfect of the 
latter will be to increase the period 
of the former and vice versd ” (see 
A, !S. Pcicival, ‘OptieV 1S99, p.lSl). 


Anomaloin; dispel sion such as 
foreseen by Sellineier and I.ord 
Kelvin and discovered by (Jhristi- 
anseii and Kuudt depends on tlie 
change cif wave frequency indepen- 
dent of the cli.mge of wave length 
ill refracting inedKi, 
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36 . 

View of the 
echer as an 
* ‘ elafatic 
solid." 


The latest discussion of this form of the elastic-solid 
theory of light, which was gradually developed from 
independent beginnings in the three countries,^ is to be 


^ In France and Germany, where 
even in the middle of the century 
the labours of English natural phil- 
osophers like Green, M‘Cullagh, 
Stokes, were only very imperfectly 
known, the necessity was equally 
felt of studying the interaction of 
the ether and ponderable matter. 
In Prance the school of the eminent 
“ elastician, ” Barre de St Venant, 
produced in M . Bousainesq the author 
of the earliest published attempt to 
solve the difficulties which the older 
methods of Cauchy had not over- 
come, la a lucid review of the state 
of physical optics, Saint Venant 
himself (‘Ann. de chimie et de 
Physique,” st^rie, vol. 25, 1872) 
hails with delight the reaeai'ches of 
M, Boussinesq from 1865 onward, 
where the Idea that the ether in the 
interstices of transparent bodies has 
different elastic constants is given 
up, and the participation of the 
ponderable matter in the vibrations 
is introduced in its place. / ‘ En 
effet,” he says, “il est hien difficile 
de coneevoir, d’une part, que Pdther 
puisse etre agile au seiii cl’un corps 
dont la dewBltti eso prohablement 
liiam^gupdrieure h la sieime, sans 
lui eommuniquer une fraction pen.s- 
ible cle sa quantite de mouvement, 
et d’autre part, quo los ondes ne 
soient pas bieutot etemtos par cette 
participation de la rnatiiTC ponder- 
able au mouvement s’il ii’y a pas 
concordance entre les oflcillations 
impriuides h ebaque molecule de 
cette matiure et cellea do I’dther 
qui Venvironiie.” It ^ was the 
problem of the continuity at the 
interface of reflecting and refracting 
substances and the problem of nb- 
sorption which the older simple 
etlier theories could not explain. 


In Germany a similar impulse was 
given to the study of the inter- 
action of elastic systems — as indeed 
to many piohlems of mathematical 
physics — by Franz Neumann, who 
was the centre of a numerous and 
mtiuential school. Ho taught at 
Ivonigsberg together with Richelot 
and Bessel, His lectures have lieen 
edited by his jmpils. Prof. Karl 
Pearson, in his continuation of Tod- 
hunter’s ‘ History of the Theory of 
Elasticity,’ does ample justice to the 
labours of Neumann, who, “ in his 
investigations on photo - elasticity 
and the elasticity of crystals, breaks 
almost untrodden ground, which 
both physicists and mathematicians 
have hardly yet exhausted” (loo, ni., 
vol. ii. 2, p. 183). “Neumann ivas 
among the first (1 841 , ‘ Abh. der Ber- 
liner Akademie’) to attribute disjier- 
sion to the influence of the ponder- 
able particles on the particles of the 
ether” (ibkh, p. 31). The most 
important original contributions of 
Neumann’s pupils are the researches 
of Selhneier, who had been led by 
theoretical considerations in 3866 
to expect certain anomalies in the 
phenomena of dispersion, such as 
were in 1870 actually discovered by 
Christiansen, and fully investigated 
by Kundt. Surface coloration was 
shown to bo intimately connected 
with the absorptive powers in sub- 
stances showing these anomalous 
phenomena. A full report on these 
and other theories, based upon what 
has been termed abroad the “Bessel- 
fSellnieier hypothesis ” (see Ket- 
ieler, ‘ Theoretische Oplik,’ 1885), 
will be found in Prof. Glazebrook’s 
“Report on Optical Theories,” 
Bxnt. Assoc. Reports, 1885. 
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found in Lord Kelvin's celebrated Baltimore Lectures,^ 
where with unlimited resourcefulness the methods of 
analogy, analysis, and exj)eriment are employed to solve 
or to define the intricate problems of physical optics. 
Kor is it a merely fortuitous coincidence for the history 
of thought that, whilst his mind must have been filled 
with the many illustrations and mechanical devices, and 
all the wealth of suggestions contained in the Baltimore 
Lectures, Lord Kelvin should have delivered the opening 
address to the inathematieal section of the British Asso- 
ciation, entitled, Steps towards a Kinetic Theory of 
Matter." Following — as did also Clerk Maxwell — on 
the lines indicated by Stokes's earlier papers, he has done 
much to change our fundamental conceptions as to the 
properties of matter, and this in two distinct ways. 
The first consisted in breaking down the rigid barriers 
which popular definitions had set up between the dif- 
ferent forms of aggregation— the solid, liquid, and gaseous 
states of matter ; whilst the second tended to show how 


^ The Baltimore Jjectures were 
delivered by Lord Kelvin (then Sir 
W. Thomson) after the meeting of 
the British Association at Montreal 
in the month of October 1884, at 
the Johns Hoiddns University, be- 
fore a company of physicists. The 
final edition of these important and 
highly suggestive conferences is in 
the press as the fourth volume <»f 
the collected mathematical and 
physical papers. The completion 
of this publication is eagerly ex- 
jiected, as containing the mo«t 
mature exposition of the clastic* 
solid theory of light, towards which 
tlie author has m the course of the 
IfHt fifteen years made various valu- 
able additions. Notably in a paper 


dated 1888, published in the ‘ l^hil- 
osopltK’al Mixguziue,’ he has, as it 
has been said, “ e.>dricated the 
clastic theory from tlie posiition^oj;.. 
deadlock, according to which “^he 
otiier must ])e both compressible 
and incompressible,” by showing 
that the ditlioulty can be met, “ pro- 
vided we either hup])ose the medium 
to extend all through boundless 
space, or give it a fixed containing 
vessel as its boundary.” Prof. 
(Iliucebrook has further worked out 
the conseiiuences f)f this suggestion. 
See vols. 26 and 27 of the Tdli series 
of the ‘Phil. Mag.,’ also ‘Nature,* 
vol. 40, 1880, p. 32, and Fletcher, 
the ‘Optical ludicatrix/ p. 6, &c. 


37 . 

r.nrcl 
Ivflvm’s 
1 t'^eai’ches. 
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the supposed static properties of matter could be ex- 
plained by diffei’ent modes of motion, translational, 
periodic, or rotational. The mathematical and experi- 
mental investigations connected with the theory of 
radiations and vibrations had thus an intluence^ on 
our general views of the nature of physical processes 
wljich far exceeded the aims for which they were origi- 
nally undertaken. That a substance so attenuated as the 
ether should have the properties of a solid ; that brittle 
substances like pitch should flow like liquids, if only 
suflicient time were given ; that to^vards very rapid 
impulses gases and liquids might behave as solids — all 
these observations resulted in a complete revolution of 
our scientific notions as well as of our vocabulary. The 
great turning-point, indeed, lay in the kinetic theory of 
gases, which about the middle of the century had intro- 
duced quite novel considerations by showing how the 
dead pressure of gases and vapours could be explained on 
the hypothesis of a very rapid but disorderly transla- 
tional movement of the smallest particles in every 
possible direction. Pressure of gases having been ex- 
j}lained -by a very rapid motion of the minute ])ar- 
ticles of matter, heat was immediately conceived to be 
merely a ‘‘mode of motion.” As no event did more to 
spread modern views in the theory of light, and to 
popularise modern scientific methods, than Xirchhoff‘'s 


^ It has been {vssertecl that the 
theory of elurtticity received a great 
impulse when BVesiiel was forced to 
make assumptioiis as to the mode of 
vibrathms of the ether which were 
quite incompatible with the then 
accepted laws of the vibrations of 


an elastic medium. To this view of 
the origin of the modern theory of 
elasticity Prof. Karl Pearson takes 
exception, as Naviers memoir of 
1827 was not suggested by optical 
investigations {'’i'odhuntcr-Pearson, 
vol, ii, 2, p. 5). 
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and Bunsen’s spectrum analysis, so in the closely related 
doctrine of heat, probably no publication did more to 
establish a general kinetic view of matter and of natural 
phenomena than Tyndall’s celebrated treatise, ‘ Heat as 
a Mode of ]\Iotion.’ In spite of the criticisms which 
have been levelled against this expression,^ the book, 
which appeared in 1863, was to the popular mind a 
revelation ; it was translated into many foreign languages, 
ran through many editions, was lecommended by thinkeis 
of the first order, and the title coveted as manifesting 
far and wide through the world one of the greatest 
discoveries of modern philosophy.” It is the popular 
herald of the kinetic or mechanical view of nature. 

The same great authority who has so generously 
referred to Tyndall’s treatise — Lord Kelvin — had been 
inspired from quite a different quarter to sugg^est the 
most advanced conception, in this line of thought, of 
which the human mind has so far been capable : the 


^ Notably by Prof. P. G. Tait; 
see his volume on ‘ Heat,’ p. C50, 
also his ‘ Recent Advances of 
Physical Science,’ which coutaiiiH 
as an appendix his lecture on 
Force,” delivered in Glasgow on 
the occasion of the meeting of 
the British Association. He says 
there : “ Heat and kinetic energy 
in general are no more imodGs of 
motion than potential energy of 
every kind is a mode of rest, * 
“Heat is not the mere motions, 
but the energy of these motions.” 
There is no doubt that the terms 
force and motion can be used in 
very different meaniugs, and that 
the early expounders of the me- 
chanical theory of heat have not 
been always consistent in the use 
of words ; though their ideas, wlier- 
ever they appeared in mathematical 


expressions, were definite enough, 
A good deal of vagueness has ac- 
cordingly crept mtu popular text- 
books and into philosophical treat- 
ises, and criticislub suuh as those 
of Prof. Tait have been useful in 
helping us' towards clearer con- 
cejitions. We shall come across 
more of these instances in the next 
chapter when <lealitjg with the 
gradual evolution of the conception 
of energy. 

- fSee Lord XCelvin’s abstract of 
lecture, “ Elasticity viewed as 
possibly a Mode of Motion,” 18S1 ; 
*l^jpuiar Lectures,’ &c., vol. i p. 
142, “I have always admired it” 
(viz,, Tyndall’s title ) ; I have long 
covete<l it for elasticity, and now, 
by kind pernusKtun of its inventor, 
1 have borrowed it for this dis- 
course,*” 
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40 , 

Helmholtsi’s 

anvostiga- 

tlOBS. 


vortex theory of matter. As this is one of the most 
remarkable instances of the fruitful reaction of abstract 
mathematical reasoning on the progress of physical re- 
search, it will be useful to consider for a moment by 
what gradual steps this novel idea was evolved or 
suggested. The immediate occasion which led to it was 
the publication, in 1858, by Helmholtz of a purely 
mathematical investigation of some peculiar forms of 
Iluid motion.^ About a hundred years before Helmholtz 
published his memoir, Euler had laid the foundation of 
theoretical hydrodynamics — i.c,^ of the theory of the 
motion of liuids. In doing so, it was necessary to define 


^ Helinholt//s memoir, “ Ueber j 
Integrale der hydrodynamirfcheii ! 
Gleicliungeu welche den Wirbel- 
beweguiigen ent«prechen,’’ appeared 
in the 56tU volume of Crelle’s 
‘journal fiir die leine iind ange- 
wandte Mathematik, ’ It w'as trans- 
lated into English by Prof. Tait in 
the ‘Philosophical Magazine’ for 
1867. Helmholt'/’s occupation with 
the subject had originated in the 
acoustical researches which he was 
carrying on at the time*- These 
neoessitatect- an analysis of the 
Oumplioated conditions which 
the motion of incompressible and 
elastic iiuicls presents in actual 
experience. The hydrodynamical 
ei^uations had been solved under 
certain simplifying assumptions. 
Discontinuity of motion and in- 
ternal frictit)n had been left out 
of consideration. Helmholtz’s re- 
searches led him to the study of 
these more complicated phenomena ; 
and he successfully applied the 
mathematical methods which had 
proved useful in other branches of 
physical science for the solution of 
these problems. Notably in the 
paper on whirling motion, ho came 


upon very remarkable and unex- 
pected results, which ten years later 
led in this country to the novel 
speculations of Loid Kelvin. It is 
interesting to note how at that 
time researches m England or Ger- 
many could for many years remain 
unnoticed in the other country. 
The result was that the same prob- 
lems were frequently taken up in 
ignorance of the fact that they had 
been treated before. See Hicks’s 
“Re))ort on Hydrodynamics,” ‘ Brit. 
Assoc. Reports,’ 1881-82. Especially 
the labours of Stokes seem to have 
been little known to German 
writers, who usually started from 
the better-known French researches, 
Stokes had anticipated some of 
Helmholtz’s results referring to 
whirling and discontinuous motion 
of fluids. About the middle of the 
century the periodical “ B'^ortschritte 
der Physik” was started by the 
“ Physikalische Gesellschaft” of 
Berlin. Helmholtz himself contrib- 
uted several valuable reports on 
acoustical subjects, See the 
‘ Wissenschaftliohe Abhandlungon,’ 
vol. i. pmim. 
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raatlieniatieallj' what is meant by a tiuid. The chief 
property of a tinid, as compared with a solid body, is 
the perfect mobility of its parts, the alisence of rigidity. 
Thus there were two possible kinds of fluids — those 
which retained their bulk or volume, whilst ofterinar no 
resistance to change of shape, and those which tried to 
expand, and could he compressed hy means of external 
forces. These latter w^ere called gases. In dealing with 
the former, incompressibility had to be defined mathe- 
matically, as also perfect mobility. These properties 
constitute what is called a perfect llukl Such perfect 
fluids do not exist in nature, but the method of 
reasoning was to begin with an ideal, simple case, and 
approach the explanation of natural phenomena by a 
process of correction, introducing more and more com- 
plications. Tlie phenomena of the flow of liquids, 
practically by far the most important, could be studied 
to a great extent by means of the simplest form of the 
hydrodynamical conception, and up to tlie middle of the 
century s\ich problems, as well as those of tlie propa- 
gation of small displacements under the action of external 
forces, — notably the motion of w’^aves, — formed tlie prin- 
cipal problems which were treated mathematically. The 
idea of the friction of fluids, also (tailed viscosity, laid been 
excluded in the definition of a fluid, inasmuch as friction 
opposed the notion of perfect mobility of the parts, which 
was the mathematical definition of a fluid. Now it is a 
matter of experience that in all lupuds with whicli we 
are acquainted friction can proiluce I’otational motion, 
such as whirls and eddies ; it was also found that other 
forces, such as magnetic forces, are, under certain eon- 
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clitions, able to produce these rotations. It was therefore 
of interest to study the nature of rotational or whirling 
motion, if such could exist in a perfect liquid, and to see 
what would be likely to happen to these whirls. Though 
it miglit be difficult to understand how in a perfect liquid 
rotation of any portion could be produced, calculation 
might determine what would be the nature and fate of 
such whirls, if they did exist. The problem was a 
purely mathematical one. Can a rotational motion, a 
whirl, exist in a perfect fluid, as defined by the mathe- 
matical conception ? If it can, what aie the properties of 
such whirls, and what becomes of them ? Helmholtz 
solved these questions in his now celebrated treatise, 
showing that whirls (called by English writers vortices) 
can exist, but only under certain conditions, such as 
can be experimentally represented by smoke-rings issuing 
from an orifice ; that, if they existed in a perfect liquid, 
they would be indestructible and would possess a motion 
of their own, giving them a special individual character 
as to permanence and movement. The treatise, like the 
problem, was a purely mathematical one,^ and in the 
mind-'Of 'the celebrated author was probably connected 
more with the problem of the formation of drops, and 
with that of the friction or viscosity of fluids, which 
he attacked subsequently, than with the nature of 
matter. In this country vortex motion had already 
been studied by natural philosophers with very different 
ends in 

It was known that solid bodies which are in a rapid 

^ It revealed incidentally the analogy of hydrodynamical and electrical 
phenomena. 
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rotary motion acquire properties which they do i^ot ^ ^ 41 . 
possess otherwise — viz., rigidity — reaction against 
change of shape (the stiflhess of a travelling rope thrown 
off a pulley is a familiar illustration) ; stability — i.c., re- 
action against change of position and motion, as in a spin- 
ning-top or a bicycle ; elasticity — ix., tendency to revert to 
the same position, if violently disturbed. The gyroscope^ 
had been invented in 1852 by Foucault, and used by 
him and other physicists in France and Germany to 
illustrate the rotation of the earth. It was now shown 


that portions of a perfect fluid — i.e., of a body which 
possesses neither rigidity, nor stability, nor elasticity 
— when in a state of rapid rotational motion, acquire 
these gyrostatic properties ; that 'whirling portions can- 
not be naturally created, luit that if once in existence 
they preserve their identity, being permanently differ- 
entiated from the surrounding lluicl, which may be at rest 
or in the state of flow. These differentiated portions of 
tlie liquid were called by Helmholtz vortex hlaments ; 
he showed that in a liquid without a boiuidaiy they 
must run back into themselves, forming rings which 


might be knotted and linked together ixi laany^ays. 


^ A much older iuvention was of this work, and through the 

that of Hohnenberger (1817), known inexhaustible wealth of experi- 

by his name. The uame ‘^gyro- mental illustrations contained in 

scope” was introduced by Fou- many of Lord Kelvin's addresses 

cault; and that of “gyrostat,” as (see * i'opular Lectures and Ad* 

dehning an apparatus wbioh ac- dresses,’ vcd. i, pp. 143 218 

quires stability through rotational sqtp ; iii. 185 215), that gyro- 

(whirling or gyrating) motion, was static and vortex motion has become 

used first by Lord Kelvin, An in tliis country a favourite study of 

extensive treatment of the subject mathematidans and natural phil- 

is to be found in the first part osrjphers, and forms an important 

of Thomson and Tait’s * Natural feature in almost every recent 

Philosophy’ (2nded,), pp. 814-415. attempt to describe the properties 

It is mainly through the influence of matter and ether. 
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42 , 

Influence of 
Helmholtz’s 
speculations 
in England 


It does not seem that Helmholtz’s speculations were 
much taken up abroad ; in this countiy, however, they 
fell on more fruitful soil:^ they led first of all to 


^ It is a remarkable fact that the 
counby which produced the great 
theory that filially destroyed the 
older vortex theoiy of Descartes, 
was the one in which, a century 
after Newton, the modern views on 
vortex-motion were first and almost 
exclusively developed. Notably 
the scientific atmosphere iu which 
Thomson and Tait moved was, inter 
(tlift, charged with the hold ideah 
and the suggestive nomenclature of 
Mactpiorn Kaiikine. Ho owes his 
permanent place in the history of 
science to being side by side with 
Lord Kelvin and Clausius, one of the 
three founders of theoretical thermo- 
<lyuamics. Hut he \va& in ad<Ution 
to this perhaps the earliest and 
purest representative of the kinetic 
or mechanical view of natural 
phenomena, and of the scientific 
tendency or habit — derived from his 
profession as an engineer— of con- 
structing for every phenomenon to 
be explained a mechanical model. 
In a succession of memoirs beginning 
in 1S50, Kankine put forward his 
theory of molecular vortices/’ 
which assumes that each atom of 
matter cop.sifics of a nucleus or 
point enveloped by an 
elastic atmosphere” (‘Scientific 
Papers of Mac(piorn Rankine/ ed. 
Miller, London, 1881, p. 17). Clerk 
Maxwell in 1878 wrote of Rankine’s 
theory : Whatever he imagined 
about molecular vortices was so 
clearly imaged in his mind’s eye 
that he, as a ]>ractical engineer, 
could see how it would work. How- 
ever intricate, therefore, the 
machinery might be which he 
imagined to exist in the minute 
parts of bodies, there was no danger 
of his going on to explain natural 
phenomena by any mode of action 


of this machinery which w’as not 
consistent -with the general law'.s of 
mechanism Hence, though the 
construction and distribution of his 
vortices in.iy seem to us as compli- 
cated and arbitrary as the Carte&ian 
system, his final deductions are 
simple, necessary, and consistent 
with facts. Certain phenomena were 
to ])e explained. Rankine set himself 
to imagine the mechanism by whicli 
they might be produced. Being an 
accomplished engineer, he succeeded 
m specifying a particular arrange- 
ment of mechanism competent to 
do the work.” Maxwell goes on to 
say : ‘'As long as the training of 
the naturalist enables him to trace 
the action only of particular 
material systems, without giving 
him the power of dealing with the 
general properties of all such 
systems, he must proceed by the 
method so often described in 
histories of science — he must 
imagine model after model of hypo- 
thetical apparatus, till he finds one 
which will do the required work. 

. , . The theory of molecuhar 

vortices was distinguished from 
other theories which attribute 
motion to bodies apparently at rest, 
by the further assumption that this 
motion is like that of very small 
vortices, each whirling about its 
own axis ” ( Clerk Maxwell in 

‘Nature,’ 1878 ; ‘Scientific Papers/ 
vol. ii. p, 662, <Sfc. ; and Prof. 
Tait’s memoir of Rankme in the 
‘ Golloeted Papers,’ p xxix). In the 
most recent attempt to reconcile 
the bvo fundamental ideas with-, 
out which we do not seem to be 
able to proceed in a description of 
natural phenomena — viss. , that 
wpace is a jilenum, filled by a con- 
tinuous something, and that matter 
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many experimental contrivances, by which the re- 
markable phenomena known as '' gyrostatic ” — ic,, 
the stable properties of bodies in rapid rotary motion ^ 
— could be studied, as also to the development of the 
theory of knots and linkage.^ In the resourceful brain 


(and electricitjO is atomic (discrete, 
grained), Dr Larmor has traced 
the modern vortex theory further 
back beyond Rankine to Janies 
MacCullagh, who in his ‘ Essay 
towards a Dynamical Theory of 
Cryhtalline Reflexion and Refrac- 
tion ’ (Trans. Irish Academy, 1839), 
** arrived at a tyi)e of elasticity (of 
the ether) which was wholly rota- 
tional, . . . somewhat after the 
manner that a siiiiming tiywheel 
resists any angular deflection of its 
axis” (p. 26 of his Adams piize 
essay * iEther and Matter,’ 1900). 
“ Rankine, never timid in his specu- 
lations, expounded MacCullagh’ s an- 
alytical scheme soundly and clearly, 
in full contrast with the elastic 
properties of matter, as represent- 
ing a uniform medium or plenum 
endowed with ordinary inertia, but 
with elasticity of purely rotational 
type” (ibid., p. 77; cf. p. 73); but 
he also remarks that “up to the 
period of Loi’d Kelvin’s vortex 
atoms . , . the earlier theories , . , 
could only have been hypothetical 
speculations'” (p. 25 note). 

1 Helmholtii; Ihmself did not give 
many practical illustrations of hivS 
remarkable theories. Such were 
first given by W. B. Rogers (‘Amer. 
Journ. of Science ’(2), vol. 26, p. 
246) in 1858, without knowledge of 
Helmholtz’s theoretical investiga- 
tions. In this country such illustra- 
tions have become quite favourite 

f opular lecture experiments (see 
ir Rob. S. Ball’s memoir). Binoke- 
ringw, solid and liquid gyrostats, and 
a host of similar contrivances, have 
impressed oxx us the hidden re- 
sources of whirling motion. Prof. 


Tait, in his * Recent Advances of 
Physical Science’ (3rd ed., 1885, p. 
296), states that expeiiments on 
smoke-rings which he performed, 
suggested to Lord Kelvin the 
vortex theory of matter. The 
various papers of the latter have, 
so far, not been collected in a con- 
venient form. The earliest is con- 
tained ill the ‘Proceedings of the 
Royal Society of Edinburgh,’ Feb- 
ruary 1867. Then followed a 
memoir in the ‘ Transactions ’ (April 
1867) on vortex statics (Proc. 
R. S. E., December 1875) ; “Vibra- 
tions of a Columnar Vortex ” (Proc., 
March 1880). Prof. Hicks, and 
especially Prof. J. J. Thomson 
(Trans. R. Soc , 1884 ; 1881), have 
contributed to the theory, and the 
latter, in his Adams prize essay for 
1882, has further tested the concep- 
tion in its application to chemical 
statics. See Hicks, ‘Recent l^ro- 
gress in Hydrodynamics ’ (Brit. 
Assoc. Rep., 1881, p. 63, &c.), and 
J. J. Thomson ‘ On the Motion of 
Vortex Rings ’ (1888; p^'U4, &c.) 

^ The creator of this braneJl of..' 
purely positional geometry is doubt- 
less Johann Benedict Listing, who 
was led to his x’esearches by some 
suggestions of Gauss. Gauss refers 
to the subject in connection wnth his 
unimblisliod researches into electro- 
dynamics (1833, posthumously pub« 
hshed in ‘Werke,’ vol. v, p. 605), 
Listing called this branch of 
geometi-y “ Topologie ” (cf . Listing, 

‘ Vorstudxen zur Topologie,’ Got- 
tingen, 1847). In the meantime 
Riemann had been (1851) led in his 
mathematical representation of 
functions on the surface called 
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43 . 

Difficiiltii'S 
ofthevorte't 
ring theory. 


of Lord Kelvin this theory led to the conception that 
in an all-pervading, boundless fluid, such as physicists 
imagined for the purposes of the theory of light, dif- 
ferentiated portions might exist in the form of whirling 
rings (vortex rings), which would possess most of the 
properties of ponderable matter — identity and perman- 
ence of quantity of substance, stability, rigidity, elasticity. 
It was indeed soon found that although eminently sug- 
gestive in this way, and pointing in the direction of a 
general kinetic theory of natural phenomena, the vortex 
ring theory presented two fundamental difficulties. How 


does whirling matter acquire weight, and how does it 
acquire immensely increased inertia ? In the explana- 
tion of these two properties the progress has been small, 
— if indeed any glimpse at all has as yet been got.^ 
But by suggesting numberless experiments through which 
our knowledge of things natural has been enormously in- 
creased, by placing before the minds of mathematicians 
a great number of problems of practical importance and 
physical interest, and generally by familiarising the minds 
of philosophers with an ultimate kinetic explanation of 
nature,,^, 4be vortex-atom theory has marked an epoch in 


after him, to distinguish between 
singly, doubly, triply, &c., con- 
nected surfaces (‘Werke,’ 1876, 
pp. 18, 88, 448). These studies, 
which for a long time were looked 
upon merely ab mriom or of purely 
abstract interest, were indepen- 
dently taken up in the practical 
interest of the vortex-atom theory 
by Prof Tait in 1876 (“ On Knots,” 
Trans. Hoy. Soc. Edinb., 1877, vol. 
28, p. 145. &c.), and continued in 
1884-85, To him we owe a con- 
venient notation and vocabulary. 
Foi' the history of the subject and 


further developments, sec Din- 
geldey, ‘ Topologische Studien.’ 
Leipzig, 1890. 

1 See Clerk Maxwell’s article 
“Atom” in the 9th ed. of the 
‘Ency. Bnt../ reprinted in ‘Scien- 
tific Papers,’ vol. li., and the account 
given there of Le Sage’s theory. 

- See Dr Lartnor’s Address to 
Section A of the Brit. Assoc, at 
Bradford in 1890 (Report, p. G25) ; 
“ The vortex-atom theory has been 
a main source of physical suggestion, 
because it presents, on a simple 
basis, a dynamical picture of an 
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the history of thought. As the study of stable motion 
or dynamical equilibrium, it has joined hands with the 
kinetic theory of gases — the study of the motion of 
a swarm of bodies in rectilinear motion, and with the 
mechanical theory of heat — ix,, of irregular infinitesimal 
motion of any kind ; and it has certainly, through the 
remarkable results gained by Professor J. J. Thomson, 
afforded a clue to the explanation of chemical linkage, 
showing how it comes about that stability of chemical 
compounds is dependent on, and limited to, a small 
number of combinations or linkages,^ The mathematical 
difficulties in the way of progress are enormous, sufficient 
to tax the brains of many generations to come, but as it 


ideal material system, atomically 
constituted, whicli could go on 
automatically without extraneous 
support. The value of such a 
picture may be held to lie, not in 
any supposition that this is the 
mechanism of the actual world laid 
bare, but in the vivid illustration it 
affords of the fundamental postulate 
of physical science, that mechanical 
phenomena are not parts of a 
scheme too involved for us to 
explore, but rather present them- 
selves in definite and consistent 
correlations, which we are able to 
disentangle and apprehend with 
continually increasing precision.” 

^ See his essay on the ** Motion of 
Vortex Rings ” : “ Let us suppose 
that the atoms of the different 
chemical elements are made up of 
vortex-rings all of the same strength, 
but that some of these elements 
consist of only one of these rings, 
others of two of the rings linked 
together, or else of a continuous 
curve with two loops, others of 
three, and so on. Our investigation 
shows that no element can consist 

VOL IL 


of more than six of these rings if 
they are arranged in the sym- 
metrical way there described’* (p. 
119). “Each vortex ring in the 
atom would correspond to a unit of 
affinity in the chemical theory of 
quantivalcDce. If we regard the 
vortex rings in those; atoms con- 
si.sting of more vortex rings than 
one as linked together in the most 
symmetrical way, then no element 
could have an atom consisting of 
more than six voifcex r’Jigs at the 
most, 80 that no single atom Wdidd 
be capable of uniting with more 
than six atoms of another element 
so as to form a stable compound. 
This agrees with chemical facts, 
as Lothar Meyer in his ‘Moderne 
Theorien der Chemie,’ 4th ed,, p. 
196, states that no compound con- 
sisting of more than six atoms of 
one element combined with only 
one of another is known to exist in 
the gaseous state, and that a 
gaseous compound of tungsten, 
consisting of six atoms of chlorine 
uniletl to one of tungsten, does 
exist” (p. 120). 


B 
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lias been remarked, “ the glory of surmounting them would 
he unique.” ^ 

The vortex-atoin theory is the most advanced chapter 
in the kinetic theory of matter, the most exalted glimpse 
into the mechanical view of nature. Though suggested 
by Helmholtz, it has, as already stated, been limited 
almost exclusively to this country. If science still 
shows international differences and patriotic predilections, 
this affords one of the few remaining examples. Another 
step first taken in this country, the last and most im- 
portant contribution to the science of physical motion, 
the greatest support of the kinetic or mechanical view 
of nature, has, in union with the undulatory theory of 
light, been now all but universally accepted in the 
44. scientific world : I refer to the modern view of electric 

Modem 

eSdoai phenomena, which for a long time was supported by the 
solitary labours and genius of Faraday. 

His great discoveries of magneto-electricity, of induc- 
tion, of the electrification of light, to which I have had 
repeated occasion to refer, made his name familiar to 
the whole scientific world ; but the processes of reasoning 
by which he* anived at them, or to which in his mind 
they gave rise, were ignoi'ed or not understood.^ Whilst 


1 Tait, in ‘Kecent Advances of 
Physical Science,' p. 302, and Clerk 
Maxwell, in article “Atom ” (‘ En- 
<jy. Brit.,’ Oth ed., or ‘Col* 
lected Scientific Papers,' vol. ii. p. 
472). 

Si See Holmholtr/s ' Faraday Lec- 
ture,' <lelivered before the Chemical 
Society on April 5, 1881, rejirinted 
in hiw * V orfcriige und Keden,’ vol. li. 
p. 275, Since the mathe- 

matical interpretation of Faraday's 
theorems by Clerk Maxwell has 


}>een given, we see indeed how 
sharply defined the conceptions are 
and how consistent the reasoning 
which lay concealed in Faraday’s 
words, which to his conteiu})oraries 
appeared so indefinite and obscure ; 
and it is in the highest degree re- 
markable to see how a large number 
of comprehensive theorems, the 
proof of which taxes the highest 
powers of mathematical analysis, 
were found by him without the use 
of a single mathematical formula, 
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Continental philosophers, following Coulomb, tried to put 
into mathematical language the action at measurable dis- 
tances of magnetic inasses and elements of electrical 
circuits,^ Paraday fastened upon the peculiar lines in 
which iron filings arranged themselves in the neighbour- 


by a kind of intuition with instinc- 
tive certainty. I would not de- 
preciate Faraday’s con temporal ies 
because they did not see this. I 
know myself too well how often I 
sat hopeless, gazing at one of his 
descriptions ot lines of force with 
their numbers and tension, or look- 
ing for the meaning of statements 
where the galvanic current is re- 
garded as an axis of force and much 
the like” (p. 277). Hosenberger 
tells ub that it may be in part attrib- 
uted to the dibpleaaure and annoy- 
ance with which foreign philoso- 
phers received Faraday’s theoretical 
views, that PoggeudortfjWho printed 
Faraday’s earlier memoirs in extenso 
in his ‘ Annalen,’ only give a short 
abstract of the later series. See 
Rosenberger, ‘ Die inoderne Ent- 
wickelung der elektrischen Princi- 
pien,’ Leipzig, 1898, p. 105. 

^ These researches, of which the 
fourth chapter of this work gave 
some account, and which culminated 
in Weber’s well-known law of electro- 
dynamic action of electrical particles 
at a distance, ab.sorbed almost ex- 
clusively the attention of natural 
philosophers abroad. Mathema- 
ticians of thfe highest rank, such 
as Laplace, Gauss, and liiemann, 
worked at the subject. It is, how- 
ever, interesting to note that Gauss, 
with that remarkable instinct for 
physical adaptation of mathematical 
ideas which characterised also the 
magnetic researches which he 
■carried on between 1830 and 1840, 
refrained from the development of 
.a mathematical theory of elcotro- 
dynamic action for reasons which 
he later explained to Weber. When 


the latter prepared for publication 
that elaborate series of exact mea- 
surements which, irrespective of the 
theory attached to them, formed 
the foundation of modern electrical 
science and of the con elation of the 
phenomena of magnetism, of elec- 
tricity at rest and in motion, of 
induction and of diamagnetism, 
Gauss wrote as follows under date 
19th March 1845: “The subject 
belongs to those investigations 
which occupied me very extensively 
about ten years ago (especially 
1834-35) . . . Perhaps I may be 
able to think myself again into these 
matters, winch have now become so 
foreign to me. ... I should no 
doubt have long ago published my 
researches ; but at the time when 
1 broke them off, that was want- 
ing which I then considered to 
be the very keystone — nil actum 
reputans si (j[uxd superesset agen- 
dum — namely, the deduction of the 
additional forces (which have to be 
added on to the mutual action of 
particles ot elec att est, if 
they are in relative 
action, not instantaneous, but 
(like that of light) propagated in 
time. AVith this I could not suc- 
ceed at the moment, but Si) far 
as I can remember X left the subject 
nut entirely without hope that this 
might later be possible ; yet, if I re- 
member aright, with the subject- 
, ive conviction that it would previ- 
oujsly be neoes.saiy to form for one- 
self a workable representation (ehifi 
Gomtruirhan Vontdluwj) of tlie 
manner in which the pi'opagation 
takes place ” (Gauss, ‘ Werke,’ vol. 
V. p. 627, <&c.) 
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45 , 

“ Lines of 
foice.*’ 


hood of the poles of magnets ; ^ inquired into the nature 
and condition of the region — afterwards termed the “field 
— which surrounded magnetised and electrified bodies ; 
invented the term “ electro tonic state and “ dielectric to 
describe the part which the surrounding medium played 
in the so-called actions at a distance ; and conceived it to 
be in a state of tension, which he further described by 
filling it with so-called “ lines of force.’' The region or 
“ field ” ^ of magnetic and electric action, filled with 
these curved lines of force, possessing definite direc- 
tion and frequency, gave him a clear mental repre- 
sentation of the direction and intensity of magnetic and 
electric forces at any point in space in the neighbour- 
hood of magnets or of electric currents. For Faraday, 
the lines of force in the magnetic field, from being 
originally merely a convenient geometrical device,*^ ac- 


^ “By magnetic curves I mean 
the lines of magnetic forces, how- 
ever raodilied by the juxtaposition 
of poles, which would, be depicted 
by iron filings, or those to which 
a very small magnetic needle would 
form a tangent” (Fai-aday, ‘Ex- 
perimental Beisearohea on Elec- 
tricity, .M^t^sedes, November 1831,' 
114 note), ‘ ‘ When an electiicai 
current ispasaed through a wire, that 
wire is surrounded at every part by 
magnetic curves, diminishing in 
inteubity according to their distance 
from the wire, . . . These curves, 
although different in form, are per- 
fectly analogous to those existing 
between two contrary magnetic 
poles opposed to each other (ibid., 
2nd series, January 1832, No. 232). 

- The term electrotonic state ” 
was introduced in 1831 to describe 
the conditions of matter in the 
neighbourhood of electric bodies. 
“ It IS probable that what will affect 


a conductor will affect an insulator 
also, producing, perhaps, what may 
deserve the term of the electro- 
tonic state*’ (ibid., No. 1661, 
1838), “the intervening particles 
assuming for the time more or less 
of a jieculiar condition, which 
(though with a very imperfect idea; 
'1 have several times expressed by 
the term electrotonic state” (ibid., 
No. 1729). “ I use the word ‘ di- 

electric ’ to express that substance 
through or across which the electric 
forces are acting ” (December 1838, 
ibid., No. 1168, note). 

® The term “ luagnetic field ” 
seems to have been used for the 
first time in the year 1847) (see 
‘ Exp. Kes.,’No. 2252, vol. iii. p. 30). 

November 1837 : “ 1 use the 
term line of inductive force merely 
as a temporary conventional mode 
of expressing the direction of the 
power in cases of induction. . * . 
The power, instead of being like 
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quired gradually a physical^ significance, for lie had 
very early convinced himself of the fact, known already 


that of gravity, which causes 
particles to act on each other 
through straight lines, ... is more 
analogous to that of a series of mag- 
netic needles. ... So that in what- 
e\er way I view it, and with great 
suspicion of the influence of favourite 
notions over myself, I cannot per- 
ceive how the ordinary theory . . . 
can be a correct representation of 
that great natural principle of elec- 
trical action” (‘Exp. Res,’ No. 
1231). “I have used the phrases lines 
of induGtive force and cui'vcd lines of 
force in a general sense only. . . . 
All I am anxious about at present 
is, that a more particular meaning 
should not be attached to the ex- 
pressions used than I contemplate ” 
(ibid., No. 1304). And after hav- 
ing referred to the agreement of his 
results with those of Poisson, ar- 
rived at by starting from “a very 
diflterent mode of action,” and with 
the experimental results of Snow 
Harris, he concludes by saymg, 
“I put forth my particular view 
with doubt and fear, lest it should 
not bear the test of general examina- 
tion,” &c. (No. 1306), 

^ It took more than ten years 
before the purely geometrical or 
conventional use of the term “ lines 
of force” ripened into a physical 
conception. The latter is definitely 
expounded in a paper in the ‘l^hilos. 
Magazine’ for June 1852. We can 
compare this gradual development 
of a symbolical into a physical 
theory with the gradual develop- 
ment of the atomic theory ; atoms 
and molecules becoming a physical 
necessity to chemists long after 
they had been used simply as a 
convenient representation of the 
laws of equivalence and of the fixed 
proportions of combination (see 
vol i. of this work, chap, v,, p. 
432, &c,) Faraday, during the 


years 1840 to 1850, laboured at two 
great problems : the one he solved 
brilliantly and in the direction lie 
anticipated ; the other I'emains a 
problem to this day. The first 
refers to the action of magnets <jn 
the dielectric. The dielectric, the 
space which Continental philo- 
sophers considered as a vacuum so 
far as magnetic and electrical pheno- 
mena are concerned, had been filled 
by Young and Fresnel with the 
luminiferous ether. Faraday sus- 
pected that this lunimiferou& ether 
cannot be insensible to magnetic 
action, and he sought in the experi- 
mental proof of the action of niag- 
iieU on rays of light in the sur- 
rounding space a support tc>r his 
view of the part wdiich the dielectric 
plays in the transmission of electric 
and magnetic action. After many 
ineffectual attempts to prove this, 
he could at last (November 1845) 
aimounce his results to tlie Royal 
Society as follows: “These inef- 
fectual exertions . . . could not 
remove my strong persuasion de- 
rived from philosophical considera- 
tions ; and therefore I recently 
resumed the inquiry by experiment 
in a most, strict and searching 
manner, and hiive^aiTiaij^’fqj^cceedcd 
in maffnetising ami elcctinfijTng’-b^ 
rag of light, and in illuminating a 
magnetic line of force, . , . Em- 
ploying a ray of light, we can tell, 
hg the eye, the direction of the 
magnetic lines through a body ; and 
by the alteration of the ray and its 
optical effect mi the eye, can see 
the course of the Une.s just as we 
can SCO the course of a thread of 
glass or any other transparent sub- 
stance, rendered visible by the 
light ” (‘ Exp. Res.,’ vol. iii., No, 2148 
and note). The sec<md problem 
which Faraday attackotl was to 
prove a similar “connection be- 
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to Cavendish, that in the case of electric attraction and 
repulsion, the nature of the intervening medium was of 
importance : it played a part in the electric phenomena 
in the same way as in the propagation of light and heat 
the intervening medium played a definite part. This 
part had been entirely overlooked by Continental philos- 
ophers, who worked on the hypothesis of an immediate 
action at a distance, based upon the analogy of gravi- 
tation. Their researches, carried on by methods similar 
to those invented by Laplace and his school for the cal- 
culation of the combined effect of gravitational forces at 
various points in space, entirely ignored the question how 
such efiects were brought about. As time did not seem 
to enter as an appreciable factor, the investigation of the 
mechanism by which action at a distance was communi- 
cated was set aside as unnecessary or impossible: the 
astronomical view of the phenomena sufficed. For 
Faraday, the intervening medium, which — as in the com- 
munication of light and heat — took an active part, the 
question of its nature and mode of action was very 
important; he accordingly first of all gave it a name. 
As in-epfics" the term luminiferous ether had been 
recently revived, and had become familiar through 
Young and Fresnel, so through Faraday were intro- 
duced the terms “dielectric” and “magnetic field," 
as the earners of electric and magnetic action; and 
though for a long time used only by himself, they 


tween gravity and electricity.” On 
the failure of this attempt he fully 
reported in his Bakerian Lecture, 
November 1850 (*Exp. Res./ vol, 
iii. p. 161). But the former results 
were sufficient to ripen gradually 


in his mind the idea of the physical 
nature of the lines of force, which 
he expounded with increaiiing pre- 
cision from 1851 onward. (See 
*Exp, Res, / 28th series, vol. in. p, 
828 ; also pp. 402, 488)* 
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have been the means of keeping before the minds of 
natural philosophers the question how these actions 
are mechanically communicated, a problem which lay 
outside of the astronomical view of the phenomena. 
To Faraday himself the analogy between the phenomena 
of these actions aneant also a real physical relation 
or even identity, a supposition which he followed up 
with unwearying patience and all the experimental 
resources of his inventive mind, till he succeeded in 


showing by experiment tliat magnets in the neighbour- 
hood of transparent substances which have a polarising 
effect on rays of light possessed the property of altering 
the direction in which the polarised rays show their 
laterality. Faraday’s conception of lines of force 
filling all space and explaining electric and magnetic 
action, radiation, and possibly also gravitation, was 
elaborated during the years 18»‘>0 to 1850. An opinion 
then prevailed that his discoveries stood in opposition to 
the views elaborated and experiineutally verified by 
Continental philosophers. The first who showed the 
analogy and threw out a hint how the two views could 
be brought into harmony was William T-feomsog^ (Lord 
Kelvin). As early as 1842,^ when scarcely eighteeiT 


^ “On the uniform motion of 
Heat in homogeneous solid bodies, 
and its connexion witli the mathe- 
matical theory of Electricity,'^ 
‘Cambridge Mathematical Jour- 
nal,' February 1842. TJie following 
note is attached to the reprint in 
the ‘Philosophical Maga;iine' of 
1864: “The general conclusions 
established show that the laws of 
distribution of electric or magnetic 
force in any case whatever must bo 
identical with the laws of di.stri- 
bution of the lines of motion of i 


heat in certain perfectly defined 
circumtiUneeH. With developments 
and applications contained in a 
suhseiiuent paper (184.6), they con- 
.stitute a full theory of the char- 
acteristics of lines of force, which 
have been ho admirably investigated 
experimentally by Faraday, and 
complete the analogy with the 
theory^ of the conduction of heat, 
of which such terms as ‘conduct- 
ing power of lines of force ’ (‘ Kx]>. 
Ees.,’Nos. 27^)7-2802) involve the 
idea." 


Devpilop- 
inciit of the 
conception 
by Lord 
Kelvin, 
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years old, but already acquainted with English experi- 
mental and French mathematical researches, he pointed 
out how phenomena of flow — i.e., of motion — could be 
mathematically grasped by a formula quite similar to 
that of the distribution of masses at rest and appar- 
ently governed by attractive forces at a distance. For 
instance, the distribution of temperature at various dis- 
tinct points in a space in which a flow of heat from an 
origin had brought about a stationary condition (the 
equilibrium being dynamical, not statical), was mathe- 
matically expressed by a formula identical with that 
which, according to Poisson and others, gave the dis- 
tribution of electrical or attracting masses. Now we 
know that in the former case the equilibrium is main- 
tained by a flow across the intervening space, which takes 
time. This suggests, therefore, the possibility of ex- 
plaining the so-called statical effects of attracting or 
repelling masses kiuetically by a process of flow or motion 
going on in the intervening medium, a notion to which 
Faraday clung tenaciously. In 1845 Thomson reverted 
to this subject, and after harmonising the two views, 
coiicluj[§rLby-staumg that the latter method of estaldish- 
^n^he mathematical theory would be even more simple 
if possible than that of Coulomb.” ^ 


1 "On the Mathematical Theory 
of Electiicily iii Equilibrium,” 
1845. See ‘Ueprint ot Papers on 
Electrostatics and Magnetism,* 2nd 
ed., p. 29. A study of these matbe- 
matical researches of Lord Kelvin, 
beginning early in the ’forties and 
extending over more than twenty 
years, is of special historical in- 
terest, as showing the gradual 
growth of a physical out of a purely 


mathematical theory ; most of the 
conceptions which have since be- 
come general through Maxwell’s 
electro-magnetic theory, as it has 
been developed and popularised 
by subsequent writers (notably 
Prof. Poynting, Prof. Oliver Lodge, 
and Mr Oliver Heaviside), being 
already contained in Thomson’s 
papers as mathematical notions. 
Thomson is throughout careful to 
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This suggestion was not carried out for some time, 
and then not by Thomson himself, but, at his instiga- 
tion, by Clerk Maxwell. In the meantime, however, 
Thomson added another step to the one already taken, by 
bringing recent discoveries of Faraday, as well as his 


point out how the elemental y ex- 
perimental data referring to elec- 
trical charges, as well as to mag- 
netic bodies, can be mathematically 
expressed equally well by the con- 
ceptions of Coulomb and Poisson 
and by those of conduction and flow, 
which are more in conformity with 
Faraday’s physical ideas : neither 
of the mathematical analogies, of 
attraction at a distance or of con- 
duction through an intervening 
medium, being sufficient for a 
physical theory. These papers con- 
tain further the record of the 
gradual growth in the author’s 
mind of the kinetic out of the 
statical view of natural phenomena. 
Thomson was the first (1851) to 
introduce the terms “ field ” and 
lines of force” into mathemati- 
cal literature, adopting them from 
Faraday. They have since become 
indispensable not only to the electri- 
cian but likewise to the mathema- 
tician ; forming, as it were, a unify- 
ing term for apparently distant 
regions of physical phenomena, and 
being introduced as fundamental 
notions at the beginning of dynami- 
cal treatises. See, for instance, the 
article by M. Abraham entitled 
“ Geometrische Grundbogrifie,” in 
the second part of the fourth volume 
of the ‘ Encyclopadie der inathe- 
matischen Wissenschafben,’ Leipzig, 
Teubner, 1901. Independently and 
quite unknown to Faraday, or to 
each other, two eminent mathe- 
maticians, Sir W. R. Hamilton at 
Dublin and Herrmann Grassmann 
at Stettin, were elaliorating, be- 
tween 1835 and 1845, the geo- 
metrical conceptions and vocabulary 


which are required in the repre- 
sentation of ‘‘directed” quantities. 
Their expositions have since become 
much simplified, and now form, 
under the title of “vector an- 
alysis,’’ an indispensable geometrical 
instrument. The gradual evolution 
of the kinetic view of physical 
phenomena (which here concerns us 
most) in the memoirs of Thomson 
is most remarkable, fatir alin, he 
made a communication in 1847 to 
the British Association at Oxford, 
ill which he dealt with the phe- 
nomena of terrestrial magnetism, 
stating that “it becomes au in- 
teresting liuestion whether mere 
electric currents could produce the 
actual phenomena oliserved. Am- 
pere’s electro-magnetic theory leads 
us to an affirmative answer wdiich 
must be regarded as merely theor- 
etical ; for it is absolutely impossible 
to conceive of the currents which he 
describes round the molecules of 
matter as having a physical exist- 
ence” (Reprint, 2nd ed , p. 459). 
On this passage h 9 .,ljinnie]f remarks 
in 1872: “Froxii twenty' loVt’SKCiity;; 
five years ago, 1 had no belief^ 
in the rerJity of this [Amjjcre’s] 
theory ; but 1 did not then know 
that motion is the very essence of 
what lias hitlierto been called 
matter.^ ^ At the 1817 meeting of 
the British Association in Oxford 
r learned from J oule the dynamical 
theory of heat, and was forced to 
abandon at once many, and gradu- 
ally from year to year all other, 
statical j preconception s regarding 
the ^ultimate caunes of apparently 
statical phenomena” (ibid., p. 423 
note). 
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unique conception of the communication of electric and 
magnetic phenomena, into connection with the mathe- 
matical theory which had been founded and worked out 
by Poisson and Green. Without attempting to give 
a physical explanation of Faraday's lines of force, he 
showed how they could be utilised in calculating the 
complicated action of magnetic push- and -pull forces; 
suggested that the newly discovered property called dia- 
magnetism, in virtue of which bodies in the neighbour- 
hood of powerful magnets appeared to be repelled, not 
attracted, could be explained as a differential ^ effect of 


^ It was in the year 1845 that 
Faraday, after having discovered 
the “magnetisation ot light,” and 
made visible the “magnetic lines 
of force” (‘Exp. Res.,’ Nos. 2146- 
2242), entered upon that remark- 
able series of experiments and 
speculations which led him to the 
discovery of diamagnetism and to 
the assertion of the “ magnetic con- 
dition of all matter” (ibid., Nos. 
2243, &c.) In 1847 Thomson wrote : 

“ According to Mr Faraday’s recent 
researches it appears that there are 
a great many substances susceptible 
of magnetic induction, of such a 
kind that for them the value of the 
coefficient^ i is.^n#gative; — ThesfHre* 
<^lls diamagnetic substances, and 
in describing the remarkable re- 
sults to which his experiments 
conducted him with reference to 
induction in diamagnetic matter, 
he say.«, ‘All the phenomena re- 
solve ihemsolvevs into this, that a 
portion of such matter, when under 
magnetije action, tends to move 
from stronger to weaker places or 
points of force.’ This is entirely 
in accordance with the result ob- 
tained above ; and it appears that 
the law of all the phenomena of 
induction discovered by Faraday 
with reference to diamagnetics may 
be expressed in the same terms as 


in the case of ordinary magnetic 
induction, by merely supposing 
the coefficient i to have a nega- 
tive value” (Reprint, p. 502), In 
the Reprint (1854) of his early 
papers (1842) on the corresponding 
problems of magnetism and heat 
(Reprint, p. 18) he added a note bo 
the effect that the “same demon- 
stration is applicable to the in- 
fluence of a piece of soft iron, or 
other paramagnetic, or to the re- 
verse influence of a diamagnetic 
on the magnetic force m any 
locality near a magnet in which it 
can be placed, and shows that the 
lines of magnetic force will he 
-altered by it precisely as the lines 
of motion of heat in corre-sponding 
thermal circumstances would be 
altered by introducing a body of 
greater or less conducting power of 
heat. Hence we see how strict 
is the foundation for an analogy on 
which the conducting power of a 
magnetic medium for lines of force 
may be spoken of, and we have a 
perfect explanation of the con- 
densing action of a paramagnetic, 
and the repulsive effect of a dia- 
magnetic upon the lines of force of 
a magnetic field, which have been 
described by Faraday” (Reprint, 
p. 33 note; cf. Faraday, ‘Exp. 
Res.,’ Nos. 2807, 2808). 
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the magnetic actions which belong to all substances , 
introduced the term magnetic ''permeability”^ as de- 
scriptive of the degree in which various substances 
acquire magnetic properties and conduct the lines of 
magnetic force in the neighbourhood of powerful mag- 
nets ; and finally demonstrated how, if these properties 
were considered as having different degrees in the dif- 
ferent axes of crystals, in analogy with the different 
elasticities which they exhibited, the conseqiience would 
be a turning effect which would explain the changed 
optical properties of crystals under the infiuence of 
magnetic action." In these investigations the ideas of 


^ This property was afterwartls 
termed “ permeability ” by Tlmiu- 
Bon (Reprint, p. 489, 1872).^ The 
general rule of magnetic action can 
then be expressed by saying that 
“ by virtue of ditterential action a 
body may behave paraoiagiietically 
or diamagnetically according as it 
is placed in a less or a more pei'nio- 
able medium than itself” (Ghrj'stiU 
in article ^‘Magnetism,” *Enoy. 
Brit.,’ 9th ed., vol. xv. p. 248}. 

*** On the Theory of Magnetic 
Induction in Crystalline and Non- 
crystalline Substances ” (' Philos. 
Mag.,’ March 1857 ; also Reprint, 
2nd ed., p. 471, ^c.) Poisson had 
already foreseen the mathematical 
possibility of what Faraday termc<l 
magne- (correctly magneto-) crya- 
tallic action, but ce cas singulier 
n© s’etant pas encore preaoute h, 
Pobservation, nous Texclurons de 
nos recherches” (“M<jiuoire aur la 
Tli4orie du Magndtiamo,” ‘ Mem. de 
PInstxtut, Paris, 1826,’ (iuoted by 
.Thomson, Reprint, p. 484). Stimu- 
lated by the discoveries of Faraday, 
Plucker at Bonn, during the extra- 
ordinary interval which Beparaie<l 
the second from the first xieriod of 
his original geometrical speculations 
(see vol. I, p. 242 of this work), de- 


; voted himself to the study of the 
ele(5tric am I inagnetK* properiich of 
gases .and ciystals, ami in 1817 
commenced that remarkable series 
! of physical memuirf, through which 
j be became the fellow-worker, if not 
the rival, of Faraday. One of his 
first discoveries was the action of 
maguetH on crystals, xmblisbcd in 
1847 (Pogg. Ann., or Plucker ‘s 
‘ PhysicaliHchc Abhandlungeu,’ ed, 
Pockelh, Leipzig, 189f5, p. *6, ^c.), 
which supplied to Thomson “the 
very circum»tam;e the observation 
of which was wanting to induce 
I'oissuu to enter upon a full treat- 
ment. of the subject, and made tlic 
working out of a niatUernatical 
theory of magnetic induction . . . 
indcpemlentiy of any hypothesis 
. . , upon a purely experimental 
foundation . . . important” (Thom- 
son, ha. eff,, p. 471). fdneker viaH 
an tiriginal thinker, and mainly a 
self-taught genius, imperfectly ac- 
quainted with the labours of his 
<*.oiiteniporaries or predecessors. 
This has lieen noted by hia biog- 
raphers an much iu his geometrical 
as in his physical researches (see 
the memoirs of Olebsch and of Prof. 
Eiecke, prefixed to the two volumes 
of the ‘Uesammelte Abhandlungeu’)- 
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47. 

Clerk 

Maxwell. 


Faraday are used merely for the sake of describing and 
calculating in the simplest manner phenomena which 
had been experimentally discovered : no attempt was 
made to explain physically how these actions come 
about. In fact, under the hands of Thomson the con- 
ceptions of Faraday were formulated as Dalton’s atomic 
theory had been elaborated by chemists in the first half 
of the century, for the purpose of symbolically represent- 
ing and calculating observed phenomena. 

But the lines of force ” of Faraday were not to remain 
a mere symbolical representation, any more than Dalton’s 
atoms were to remain merely counters of a chemical arith- 
metic. Both theories were to be raised to the x’aiik of 
physical theories. What the kinetic theory of gases did 
for the atomic theory was done for Faraday’s symbolism 
by the researches of Clerk Maxwell. And as the fact 
that the molecules of matter could be really counted, 
and their distances and velocities measured, gave life and 
actual meaning to the atomic view of natural j)henomena, 


In his early geometrical researches 
he worked in ignorance of the I’e- 
markable ‘Traite’, of 
which likl been published in 1822 
(foe. voL i. p. 594, &c.) : even 
the writings of his countryman 
Mobius were unknown to him. 
Still more extraordinary was his 
comparative uuacquaintance with 
the electrical measurements and 
theories which dominated German 
research when he commenced his 
physical labours, and which eman- 
ated from the school of Gauss and 
Weber. But he was equally ignor- 
ant of the purely mathematical 
theories of Poisson and Thomson, 
wdiich, as he himself candidly con- 
fessed, might have saved him 


from important errors {luc. cit., vol. 
ii. p. 460), and which were later 
iuade more widely known in Ger- 
many by the excellent treatise of 
his pupil Beer (‘Einleitung in die 
Elektrostatik,’ &c., Braunschweig, 
1869), posthumously edited by 
Plucker himself. The fact that 
Plucker was not influenced by the 
spirit of Weber’s researches prob- 
ably made him more appreciative of 
Faraday’s purely physical methods. 
In such names as Beer, Olebsch, 
Klein, Fessel, Geissler, and Hittorf, 
Pliicker counts an illustrious array 
of pupils and fellow-workers. Bee 
Olebsch's characteristic of Plhcker, 
lod. vol. i, p. xii, &c. 
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SO the rays of electric and magnetic force seen by Faraday 
ill the abstraction of his intuitive mind became a reality 
for every experimentalist when Hertz in 1888 actually 
showed the wonderful action of electric waves at a dis- 
tance, Atoms and lines of force have become a practical 
— shall I say a popular ? — reality, whereas they were once 
only the convenient method of a single original mind for 
gathering together and unifying in thought a bewildering 
mass of observed phenomena, or at most capable of being 
utilised for a mathematical description and calculation of 
actual effects. ' 

For a quarter of a century after Faraday had conceived 
the notion of looking uj)on electric and magnetic 
phenomena as depending on a property belonging to 
all matter, and pervading all sjjace, like radiation and 
gravity, the only natural philosoj)her who to any extent 
entered into his ideas was Thomson. Even Tyndall, who 
came more than any other prominent physicist under 
Faraday’s immediate and personal inhuence, and contrib- 
uted largely to our knowledge of the new phenomena 
discovered by his great master, does not seem to have 
assimilated his scientifie language and reasoning. It 
required a mathematical mind really to grasp and put 
into form Faraday’s notions* Encouraged by Thomson, 
and soon after the publication of Thomson’s mathe- 
matical theory of magnetism, Clerk Maxwell devoted 
himself to a theoretical study of electricity and allied 
subjects, a field which Thomson had then almost mon- 
opolised in this country^ The first of Maxwell’s revolu- 

^ See Professor GlaissebrooVs little “Century Science Series/* 1001. 
book on ' James Clerk Maxwell and On page 42 a letter of Maxwell i.s 
Modern Fhyeics/ published in the quoted, in which he speaks of 
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48 . 

His series 
ot works 
on the 
theory of 
eleetncity. 


tionaiy series of works, ‘ On Faraday’s Lines of Force/ 
was published in December 1855. The series was 
completed by the appearance in 1873 of his great work 
on 'Electricity and Magnetism/ which has formed the 
centre of a large literature to which all the scientific 
schools of Europe and America have contributed. Histori- 
cally, Maxwell brought together two distinct and very 
fruitful lines of reasoning, due to Faraday and Thomson.^ 
He was impressed with the desideratum of every physical 
theory bearing on any large class of phenomena — viz., 
that it must be mathematical and physical at the same 
time. His own theory had to embrace and unite all the 
purely arithmetical and geometrical regularities which 
had been discovered, and which at that time were 
known to describe correctly the facts of electric, mag- 


patching upon Thom&on’ej electri- 
cal prefeerves. ’ ’ In the preface to the 
treatise on electricity and magnet- 
ism, he refers to the apparent dis- 
crepancy between the views of 
Faraday and the mathematicians, 
and he states that he had arrived 
at “the conviction that this dis- 
crepancy did not arise from either 
party being jvv^ng. I wa s^firfat 
convinced oTliTiis^'' he proceeds, “by 
'Sir ""William 'rhom.son, to whose 
advice and assistance, as well as to 
his published papers, 1 owe most of 
what I have learned on the subject. 

1 In a dilferent reference we may 
Bay that Maxwell’s theory wjis pre- 
pared by throe independent lines of 
research, starting respectively in 
France, Oermauy, and England : (1) 
The investigation of the actions at 
a. distance bf edeotrified and mag- 
netised bodies, and of electric 
currents, which found mathemati- 
cal expression in the formuke of 
Coulomb and Ampere. The full 


significance and capabilities of the 
formulae of electrostatic and mag- 
netic action had been demonstrated 
by Thomson, who especially showed 
that these relations were not 
necessarily confined to the physical 
theory which had been elaborated 
on the Continent, but that, mutntis 
mukmdUf they lent themselves 
equally well to the physical ideas of 
Faraday. (2) The exact measure- 
ments of magnetic, electro-dynamic, 
and galvanic action started by Ohm 
and Gauss in Germany, and much 
extended by Weber. (3) The idea 
of physical lines of force, filling 
space and rei>resenting action 
through contiguous particles, not 
at a distance, elaborated by Fara- 
day. These three lines of research 
were brought together in the 
theory of Maxw'ell, which in the 
beginning professed to be only a 
mathematical but ended by being a 
physical theory. 
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nefcic, and galvanic phenomena, such as Coulomb's electro- 
static and magnetic laws, Ampk'-e’s electro-dynamic and 
electro-magnetic formulae, and Ohm’s and Faraday’s laws 
referring to galvanic currents, and many others. It 
had also to give an intelligible representation of the 
elementary actions of which these complicated phenom- 
ena are made up. In order to arrive at the latter, the 
method usually employed is to look for analogies in 
other provinces of science where the desired unification 
has already been brought about. The great natural 
philosophers of the French school who had so success- 
fully accomplished the most extensive unification yet 
attempted in any large branch of knowledge — the uni- 
fication of physical astronomy under Newton’s gravita- 
tion formula — had tried to follow up this analogy in 
other realms of research, and had developed what I 
called in a former chajiter the astronomical view of 
natural phenomena. Ampere, and notably Weber, had 
extended this analogy so as to embrace electric and 
magnetic phenomena. There was, however, another 
analogy which was more familiar to the great experi- 
mentalists in this country, notably to Faraday — namely, 
the analogy of those various phenomena which depentl 
on processes of emanation, of a gradual spreading out, 
of a flow or conduction: those phenomena where the 
factor of time comes in, and whore an apparently sta- 
tionary condition is brought about by a mode of motion, 
or what has been termed a “dynamic equilibrium.” 
Thomson, starting from Fourier’s mathematical analysis 
of such processes, had been led to see how far-reaching 
this analogy is, and had latterly (1852) extended it to 
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Jfe^on- 
ceiJtion of 
“tubes of 
force,” 


embrace the processes of the flow of heat, of electricity, 
magnetic and diamagnetic, and of fluid motion. ''He 
called attention to the remarkable resemblance which 
the diagrams of flow bore to those which Mr Faraday 
had recently shown at the Eoyal Institution to illus- 
trate his views regarding the action of ferro-magnetics 
and diamagnetics in influencing the field of force in 
which they are placed, and justified and illustrated the 
expression ' conducting power for the lines of force ’ by 
referring to rigorous mathematical analogies presented 
by tlie theory of heat/’^ 

Tliis view, which Thomson had merely shadowed forth, 
was more fully worked out by Maxwell in 1855 and 
1861. His methods^ were “generally those suggested by 
the processes of reasoning which are found in the re- 
searches of Faraday, and which, though they had been 
interpreted mathematically by Prof. Thomson and others, 
are very generally supposed to be of an indefinite and 
unmatheniatical character when compared with those 
employed by the professed mathematicians/’ The first 
addition which he introduced, by which he made Fara- 
day’s “JUnea-of force ” mathematically more definite, was 
'tcTchange them into “ tubes of force,” which represented 
not only the direction of force at every point of space, 
but also — according to their sectional .dimensions — the 
intensity of the force. These tubes were supposed to be 


^ Abfetraots of two communica- 
tions to the British Association at 
Belfast in 1852, “ On certain Mag- 
netic Curves : with Applications to 
Problems in the Theories of Heat, 
Electricity, and Fluid Motion ” 
(Reprint of Papers, &c., p. 519, &c.) 


James Clerk Maxwell “On 
Faraday’s Lines of Force,” * Trans- 
actions of the Cambridge Philo- 
sophical Society/ 1855. See ' Col- 
lected Scientific Papers/ voL i. p. 
157. 
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filled with a moving fluid, and the velocity of the flow — 
inversely proportional to the sectional area of the tubes 
— represented the intensity of the force at any point in 
space. He also shelved how very much simpler the con- 
ception becomes, if the law of the acting forces is the 
experimentally established law of tlie inverse stpiare of 
the distance. 

This thought of referring to the pnrfdy geometrical 
idea of the motion of an imaginary fluid ” ’ was the 
beginning of the now uriivorsaily ado]>ted view of a 
very large class of phenomena, ami it was at the sanui 
time a great ste]) in the development of the kinetic 
or mechanical view of natural processes. These or 
tubes of forcer’ with which all spac^e surrounding magnets 
or electrified bodies wos supposed to filled, enal^led 
Maxwell further to give a deiinite ]‘opresentation of that 
peculiar state of matter of which Faraday had very f,o. 
early formed an indefinite conot'ptinii, and which he 
called the “ eletdrotonic state/' Thoimsmi fia<l already 
ill 1847*^ sliowii how the ideas of Faratlay, wlu) ns Qurly 


^ How little Maxwell origiiutlly 
intended to give a phydioal theory 
is seen from the oo)K*Iudiug sen*- 
tence^i of the introduetion to his 
hrst voL i. p. IHi)) j 

‘^By referring everything to the 
purely geometrical idea’ of the 
motion of an imaginary fluid, 1 
hope to attain generality ami pre- 
cision, and to avoid the dangers 
arising from a premature tluiory 
professing to explain the cause of 
the phenomena, ff the results of 
mere speculation which I have 
collected are fouml to be of any 
use to experimental philoHopliM’s, 
in arranging and interpreting their 
results, they will have served their 

rOL* IL 


purpohO, juhI a. mafuri^ thcc»ry, in 
which physical far‘t'%,w‘dl ho phy^i- 
o.ally explained, will bo i'onVfd by 
UiOM‘ who !>y intorropitiug Naturi'* 
iuTsoIf oan obtain the only tmo 
solution itf the purj-tions vvhiVh th#* 
matin ‘matif 'id theory ,-.uggo.4f„” 

" Faraday had already in 
spoken of Khidia and tuhfb (U’ hu'rr, 
and invented tls* term sphonclylnid 
to donut t* the portion of ^^puco mi- 
closed hfdAvocn surh t-hrlls i»f form 
C* Exp. Has.,* voL tii , No. 

in 1817 and Imbh 

Math, doiirmd/ mprintrd in * Math, 
and Bhyn. Papern/ vob i. p. 7dj 
ThoiiiSfm w^rfdp that Faraday 
theory of fbetrostatic induction 

F 
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as 1831 conceived this peculiar condition of matter to 
be equivalent to a state of strain, could be represented 
by the mechanical analogy of the strains existing in an 
elastic solid. He had distinguished three distinct forms 
of this elastic strain, and had identified these three 
forms severally with electrostatic, magnetic, and galvanic 
forces. He had not given a physical explanation of the 
origin of these forces, but had merely used the mathe- 
matical analogies of the two problems (the electrical and 
the elastic) to assist the imagination in the study of 
both,”^ Maxwell now took a further step and pro- 
ceeded to give a physical or mechanical description of the 
‘nature of this state of stress, of the electrotonic state of 
matter. With this object in view he conceives of a 
medium which, is capable of exerting force on material 
bodies by being itself strained, and exhibiting the 


“ suggests the idea that there may 
he a problem in the theory of 
elastic solids corresponding to every 
problem connected with the distri- 
bution of electricity on conductors, 
or with the forces of attraction and 
repulsion exercised by electrified 

jars^SftTitation of magnetic and gal- 
vanic forces is afforded by Mr 
Faraday’s recent discovery of the 
affection, with reference to polarised 
light, of transparent solids sub- 
jected to magnetic or electro- 
magnetic forces.” 

^ Quoted from Maxwell’s paper 
‘‘On Physical Lines of Force,” in 
the ‘Philos. Mag.’ 1861 (see ‘Coll. 
Papers,’ vol. i. p. 453), in which 
Maxwell applies Rankiue’s concep- 
tion of molecular vortices to the 
representation of magnetic pheno- 
mena. He refers to his earlier paper 
(1855) on (geometrical) “lines of 


force” in which he had “Khown 
the geometrical significance of the 
electrotonic state,” and had used 
“ mechanical illustrations to assist 
the imagination, but not to ac- 
count for the phenomena.” “J 
now,” he says, “ propose to examine 
jmag 3 jetic phenomena from a me- 
chanical pdinX “*cfi ■'*''* to 

detei'miiie what toiiMoiib in, o* 
motions of, a niodiuni arc capable 
of producing the uiechanu'al pheno- 
mena observed. If by the same 
hypothesis we can connect the 
phenomena of inngnetic attraction 
with electro-magnetic phenomena, 
and with those of iiidu<‘cd cur- 
rents, we shall have found a iltcory 
which, if not true, can only be 
proved to be erroneous by experi- 
ments which will greatly enlarge 
our knowledge of this part of 
physics” (ibid., p. 452), 
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phenomena of tension and pressure action) 

as also of motion of its parts (electro-magnetic action). 
Now in a medium which is so constituted — Lr,, wliich 
possesses elastic mobility of its parts — we know that 
by a whirling or vortex motion phenomena of pressure 
and tension can bo pi'oduced in certain j^arts. aiid the 
rpiestions accordingly presented themselves to Jlaxwfdl, 
How by such tension and jnessnre in certain parts of the 
medium can magnetic phenomena ]>e ivpresented ? and 
How can tlio vortices commaiiicate motion to, or riKioive 
motion from, the intorlying movable paidirdes of the 
medium He siiccoc<lc(l in working out a very ctmipletc* 
model of such a medium, rcjjrcscuting )»y its nu'chanieal 
motions both magnetic ami (dectro-iuagmdic jbenomeuti. 
Especially was ho succc'sstul in visualising Faraday’s 
lines or tubes of force, and endowing tboui with me- 
chanically measurable foreoH. J\IaxweU admits (hat ‘‘ his 
conception . . , may ap])car somewhat awkward. J 
do not,” he says, “ bring it for'ward us a uiotk^ of (tou- 
nection existing in nature. ... It is, liowever, a mode 
of connection which is ntochanically concjoivablo and 
easily investigated ; ... so thlit- ! 
any one who understands the ]ir<n*isional and temporury 
character of this hyjmthcsis will {imi himstdf rather 
helped than hindered by it in his searf^h after tbfj (-rue 
interpretation of the ])hcnomena.” ‘ 


^ ^Collectefl PapejrH/ vol. i, p. I8H. 
At the end of hiB paper on phyBioal 
lines of force, Maxwell touchcK on 
the philoBopIxickl ({UCBtiou, *'how 
much evidence the oxphaxnitiou of 
phenomena IcikIh to the credibility 
of a theory, or how far we ought it* 


regard a riMiK‘idrMio<‘ in the ni.itiu* 
nmtical oxprmNifn* n( twu f*}' 
phcmoniinta an indfcalion that 
thiiae pheinnmtna arc »tf the j time 
kiiuh W<‘ liiiow that partial cu- 
inoidmicoH of thin kind have 
dincovfwi ; and the fa<‘t tUui Ma-y 
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51 , 

Com* 
spoadence 
between 
velocities 
of light 
and of 
e eotricity. 


The idea of a medium of extreme rarity, pervading all 
space and interpenetrating all matter, capable also of the 
elastic reactions of a solid body, was not repugnant to 
physicists at the time when Maxwell wrote. Though 
violently opposed forty years earlier when proposed by 
Fresnel and Young, it had gradually, through the de- 
velopment of optical theories, become a well-recognised 
instrument of scientific thought. In such a medium a 
disturbance or displacement is propagated with a certain 
velocity dependent on its elastic nature — the so-called 
constants of density and rigidity. Now, looking upon a 
charge of electricity not as a material something — an 
imponderable — but as a displacement of the medium, 
the question arose, Does the velocity with which such a 
displacement travels compare at all with the known 
velocities of other elastic disturbances, such as light is 
conceived to be ? It was known to electricians that 
an amount or charge of electricity can be either station- 
ary (called statical electricity) or in motion (called 
an electric current) ; and Weber and Kohlrausch had in, 
1856 actually measured the number of units of statical 
electricity. which must flow through an electric circuit in 
order to produce the known mechanical eflPejQt of a unit 
of electric current. The quantity which they lou'M^^nd ,/ 
which corresponded to a velocity, was of the same order 
as the velocity with which the elastic disturbance which 
we call light is known to travel. Maxwell was the iirst 


are only partial is proved by the 
divergence of the laws of the two 
sets of pbenoznena in other respects. 
We may chance to find, in the 
higher parts of physics, instances of 


more complete coincidence which 
may require much investigation to 
detect their ultimate divergence*’ 

(p. 188 ). 
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to see the physical significance of this correspondenee.^ 

‘'I have deduced the relation between the statical and 
dynamical measures of electricity, and have shown by a 
comparison of the electro-niagnetic experiments of MM. 
Kohlrausch and Weber with the velocity of light as 
found by M. Kzeau, that the elasticity of the magnetic 
medium in air is the same as that of the luminiferous 
medium, if these two coexistent, coextensive, and erjually 
elastic media are not rather one medium.’'- 

After having pointed out this remarkable correspond- 
ence and other analogies between electrical ami ojjtical 
properties which could be voritied by ex])eriment, Max- 52. 

^ ^ ^ ^‘Elasticdis- 

well seems to have felt satisfied that u dyuainif'al or 
kinetic explanation of electric anil magnetic i>honoiiiena 
based upon rotary and translational motions and elastic 
strains in the magnctii! field was quite ])ossible. The 
detailed descriptions given in his earlier papers he looked 
upon merely as crude mechanical devices by which some 
of the known effects of magnets and cim-ents could be 
described. The valuaUe result was, that the idectro- 
magnetio field could be looked upon as a luechanicai 
.system; that the observed .ardious at a distance could 
be conceived as communicated through this mcchaitteft]. 
system in definite measurable time; and that certain 
■analogies had been pointed out a.H e.xistjng Ijetwccii 


^ *PhUo8. Mag./ January and Feb- 
ruary, 1862 ; ‘ Coll Papers,’ vol. I 
j), 492. 

Of. ‘Coll Papers/ vol. i. p. .*500 ; 

The velocity oC transverse undula- 
tions in our hypothetical niediuin, 
calculated from the electro* uiagnotio 
^experiments of MM. KohlntUHcli and 


V fiber, agrees so exac.tiv with the 
velocity of light eaUiulated from tin* 
optical lixperimeiits of M. Kixeau, 
that we eau searccjly avoiti the in- 
fenmeo that light cousihIh in the* 
transverse undulatiotiH of the saim,* 
medium which is i he cause of ehsit ne 
md magnetic pheiioinena/’ 
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optical, electrical, and magnetic phenomena, which by 
carefully devised experiments might be verified and 
extended. 

Through Maxwell, following on Paraday and Thomson, 
the treatment of electric and magnetic phenomena had 
thus entered on a similar stage to that which the 
treatment of optical phenomena had attained half a 
century earlier through Young and Presiiel. A kinetic 
or mechanical view, more or less precise and definite, had 
been propounded; a considerable number of facts had 
])een brought into connection, into line and order; the 
direction which experimental research must take had 
been indicated; and finally a correspondence had been 
established between two great groups of phenomena, those 
of electricity and magnetism on the one side, those of 
light on the other. It might have been expected that 
Maxwell would now take the same course as that taken 
by Presnel about the year 1820 , and perfect his views 
by giving his theory of molecular vortices greater pre-' 
cisioii and definiteness — by perfecting the electro- 
magnetic model, as Fresnel and others perfected in their 
time the system of vibrations by which they visualised 
thO' processes of light. This is not the method which 
Maxwell adopted.^ In his later and more important 


^ The progress of Mtixwell's reason- 
ing is clearly marked in the three 
memoirs, belonging respectively to 
the years 1855, 1861, and 1864, of 
which the last appeared in the 
‘ Transactions ’ of the Koyal So- 
ciety, and which are reprinted in 
the first volume of the ‘ Collected 
Scientific Papers. ’ The first memoir 
on Faraday’s Lines of Force ” ad- 
heres strictly to the mathematical 


formulation of Faraday’s concep- 
tion, much in the spirit of Thom- 
son's many expositions. The second, 
on Physical Lines of Force,” fol- 
lows Faraday in the attempt to take 
the original symbol in real earnest 
as a physical arrangement, and de- 
vises, or applies for that purpose, 
the theory of molecular vortices. 
The third memoir, which is by far 
the most important and. origii\al, 
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writings he adopted a different and more general process 
of reasoning. If electrical and magnetic as well as, 
optical phenomena are produced by the motions of the 
parts of a medium possessed of certain mechanical pro- 
perties, this medium represents a mechanical s^ystem, and 
must therefore be subject to the general laws which 
regulate all mechanical systems. These general laws are 
laid down in dynamics, where it is shown that a complete 
knowledge of the behaviour of such a system can be ofisnwgyf 
reduced to the knowledge of the <listributiou in it of a 
quantity called Energy. 

I intend in the next chapter to trace liistoiically the 


drops this feomewhat crude devdee, 
as well as the ohlor theory of par- 
ticles acting at a distance, with 
forces which, according to AVehor, 
depend on their velocities, and starls 
from ^‘the conception of a conipli- 
cated mechaniHin capable of a vast 
variety of motion, but at the same 
time so connecteil that the UKRiou 
of one part depends . . . on 
the motion of other parts, those 
motions being communicated by 
forces arising from the relative din- 
placement of thecouuected xiartn, in 
virtue of their elasticity" (Papers, 
vol. i. p, 533). He further says ; 
“I have on a former occasion at- 
tempted to describe a particular 
kind of motion and a particular 
kind of strain, so arranged as to 
account for the phenomena. In 
the present paper I avoid any hy- 
pothesis of this kind ; and in using 
such words as electric niomcuturn 
and electric elasticity in reforenca 
to the known phenomena of the in- 
duction of currents and the p<i]ar- 
isa;tion of dielectrics, I wish merely 
to direct the mind of the rearler to 
mechanical phenomena which will 
ftssist him in uiwlerstanding tho 


electrical omss. Al! such jihra^os 
in the present paper are to lx; cou- 
Ridercil iiA illUrttiativc, not as ex- 
planuiorj. in speaking t>f the 
; energy of the field, however, I 
i wish to he understood iitendly. All 
! energy is the same as mechanical 
1 energy, whether it exists in the 
I forni of nmtion or in that of elas- 
I ticity, or in any other form. The 
I energy in electro - magnetic }ihc- 
1 nomena is luechanical energy. 'Plie 
I only cpiestlon is, Where does it 
j reside On the old theories it 
! resides in the electrified bodies, _ 
i emidueting t-ircuits, and magnets, 

; in the form ot an unknown 
! called pot.eiitiaIcn(u'gy, or the power 
I <if pr-odneing certam efthets at a 
i cHstatice. Cin our theory it- resides 
in tlm electro-magnetic field, in t,hf‘ 

' space Hun-ounding the electrified 
and magnetic bodies, ns well us In 
' those biKlicH iUemsedves, uud is in 
two different forms, which may he 
describful without hypothesis ns 
' inagantic polariHution and eh*ctri<i 
polarisation, or, atrcorditig a very 
prubabln hyjrothoMiH, as tlin motion 
i and the Btrain of one itml the same 
: (p. Stiil). 
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growth of this conception as applied not only to the 
energy of visible and measurable mechanical motion, but 
to all other forces of nature which have in the course of 
the century not only been measured in terms of this 
one quantity, but also represented with more or less 
success as dependent on the energy of specific forms of 
motion, be this rotatory or vibratory or translational 
motion, regular and periodic or irregular and disorderly 
motion. It is clear that such a general abstract view as 
Maxwell (first among natural philosophers) took of a 
special problem was only possible after it had been 
shown how all physical and chemical actions and effects 
can be reduced to a common measure. The influence of 
the development of these views on the kinetic view of 
nature has been very great. The first and most natural 
effect of measuring all forces of nature in terms of the 
energy of motion is to strengthen the kinetic view of 
natural phenomena. This, however, is not the only view 
which is possible, or which has been taken, as I shall 
endeavour to show more fully hereafter. 

The influence of Maxwell’s ideas on scientific — nay, 
even on popular — thought has been very considerable. 
JThe main' conception around which research, both mathe- 
matical and experimental, has moved during the last 
twenty years is the conception of light as an electro- 
magnetic phenomenon. This view has been much sup- 
ported and extended by the experiments of Heinrich 
Hertz, who by ingenious contrivances succeeded in 
actually exhibiting electro - magnetic waves, and in 
showing how they differ from Ught waves merely in 
length and period, and agree with them so far as 
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reflexion and rerraction and other properties are con- 
cerned. Luminous waves are now considered by many 
physicists to be merely electro-magnetic waves of short 
wave length and great frequency, such as the organ of 
vision is capable of perceiving in the form of light. 
The electric and magnetic medium is identical with the 
luminiferous ether, postulated by Young and Iresiicl, 
and rays of light arc merely an electric and magnetic 
disturbance propagated as a jieriodic or wave motion. 

These discoveries and theories have gone a long 
was to destroy tlie older astronomical view of natural 
phenomena, wliich explained many efloets by the action 
at a distance of particles of ponderable or imponderable 
matter. The firm conviction has taken hold of the 
modern scientific intellect or imagination that space is a 
plenum filled with a continuous medium, and tliat the 
undoubted atomic nature of ponderable matter may be 
owing merely to a specific and umnodiiiable form of 
motion with such properties as Lord Ivelvin has shown 
to belong to vortex filaments. The difficulty still re- 
mains how to explain the phenomenon of gravita.tiou as 
well as the increased amount of inertia or mass wducli 
belongs to all ponderable matter as compared with tiVai^ 
material substance which wo call ether. 

The reason why Maxwell abamhined his earlier 
schemes, in which he to couvstruci, a meclianical 
model of the electro-magnetic field, is not ([uite cleard 
The idea has, however, l>eeu taken up hy (jlhers, and 
elaborate descriptions have been attem]>tod, l^y whi<j!h the 

^ A suggestion regarding l\m is given hy Dr J. Lartu<»r in ‘rEthor tind 
Matter,’ p. 28 . 


54 . 

Dostructive 
effect- of 
the new 
theories on 
tlie uhtro* 
nomical 

MOW. 
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processes going on in the neighbourhood of electrically 
charged bodies, of electric currents, of magnets and, 
diamagnets, can be visualised.^ For didactic purposes 
such elaborate models may prove to be of great value> 
though as a true mechanical basis of a physical theory of 
natural processes they have to be received with caution. ' 
None of those physicists who have expended their ingen- 
uity ill devising these contrivances seem to attach more 
than a symbolic or ideal value to them : they have, how- 
ever, the desired effect of producing on the mind of the 
learner, of the practical inventor, or of a popular 
audience a strong conviction that all physical phenomena 
can be described as processes of motion, and that the 
ultimate solution of the problem of natural philosophy is 
to be found in a kinetic or mechanical view of pheno- 
mena. Physics and chemistry are, according to this 


^ Such illustrations may be found ' 
in Dr Oliver Lodge’s ‘ Modern 
Views of Electricity, ’ a book which 
has had a large circulation and has 
helped to diSuse correct and practi- 
cally useful ideas on electric and 
magnetic problems and phenomena. 
There is a danger of such mechani- 
caHUu^traiions becoming too rigid 
and of their being taken too literally ; 
still, for the purposes of practical 
application and handling it is indis- 
pensable to possess some mechanical 
mode of representation and con- 
struction by which actual problems 
can be readily solved. The success 
of Dr Lodge’s attempt both in this 
country and on the Continent, 
especially in Germany, proves suf- 
ficiently that it meets a much -felt 
want. See inter alia Prof. Rosen* 
berger’s five lectures, ‘ Die moderne 
Entwiokelungder elektrisclien Prin- 
cipien/ Leipzig, 1898, p. 133. A I 


great authority abroad, Prof. Lud- 
wig Boltzmann, has made use of a 
peculiar kind of mechanical motion, 
investigated by Helmholtz, to il- 
lustrate electrical phenomena. The. 
characteristic of such motion — 
which is termed cyclic — is this, 
** that in the place of every 'particle 
which changes its position, an equal 
and equally moving particle enters, 
so that the condition of the system 
during the motion is nowise al- 
tered” (* Vorlesungen fiber Max- 
well’s Theorie,’ Leipzig, 1891 and 
1893, vol. i, p, 14). Cycles can be 
‘ ‘ coupled,” &c. The general dyna- 
mical I'elations of ,such cyclic 
systems are investigated, and by 
introducing the necessary restric- 
tions, based' upon experimental 
facts, and suitable hypotheses — 
facts and hypotheses being clearly 
distinguished — the general equa- 
tions of Maxwell are arrived at. 
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view, destined to become nltiinately merely chapters in 
dynamics as the doctrine of mechanical mutism. 

A similar reluctance to look upon tlie vibrations of the 
luminiferous ether merely as a convenient symbolism, as a 
crude metliod of visualising molecular processes, wdiicli in 
reality we cannot picture to ourselves, does not seem to 
have troubled the minds of the great proponmlers of the 
undulatory theory of light — if., of the elastic solid 
theory, as it is now termed in contradistinction to the 
electro-magnetic theory propoiimlcd by ilaxwell. The 
greatest li\ing ex])oncnt of the former view, Lord Kelvin, 
who in his Baltimore Lectures grappled with the difli- 
culties which still beset that view — falling ha(ik on the 
principle of optical c-onsouance and resonamje, suggested 
by IT’ofessor Stokes to explain some of tlie interactions of 
the ether and ponderalilo matter ; upon the theory of free 
and forced vibrations, suggested l^y Bessel and Sellmeicr: 
and on bis own fruitful suggesttou of the vortex atom 
to explain some of the pr(»p(*rties (if ponderable atoms 
moving in the (mntinuum whi(di fills all spac^e — expresses' 
himself very definitely ou this Wo must nut 

listen to any suggestion that wc^ may l<jok upon the 
luminiferous ether as an ideal waj* of jmtting the'’rtlThgV 
A real matter between us and tln^ rtoiuiter stars ! belitfve 
there is, and that light consistH of real nuitiuns of that 
matter, motions just such as are described by Krcsnel and 
Young, motions in the way of transverse vibraibna Jf 
I knew what the magnetic theory of liglit is, [ might he 
able to think of it in rehition to the fundamental 
principles of the wave theory of light But it seems to 
m rather a backward step from m absolutely defiiiite 


fifi. 
Lord 
m the 
vIhmfclunH 
of th« 
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mechanical notion that is pnt before us by Fresnel and 
his followers, to take up the so-called electro-magnetic 
theory of light in the way it has been taken up by several 
writers of late.” 

But whilst, no doubt, the train of reasoning started by 
Maxwell, and developed by his followers, has somewhat 
destroyed the simplicity and directness which the older 
vibratory theory of light and the kinetic theory of gases 
had brought into our mechanical views of natural 
phenomena, the subsequent experimental proof of the 
existence of electric waves by Hertz has done much 
popularly to strengthen that view. The discovery of 
other kinds of rays, by Lenard, Ebntgen, and others, has 
likewise tended in the same direction, though their exact 
nature is still a subject of much conjecture. 

ISTor can it be denied that the practical usefulness 
also of these lately discovered forms of radiation has 
tended in the same direction ; as has, all through the 
last thirty years, the enormous development of electrical 
industry in its many branches. Up to the beginning 
of the nineteenth century the principal electric and 
magnetic phenomena known were what we term stat- 
-icalrthe study of these centred in the conception of 
electric and magnetic charges concentrated on or in 
conductors and acting at a distance* The practical 
interest was limited to mariners' compasses and light- 
ning-conductors. The discovery of the galvanic current, 
and still more its applications by Davy to the decom- 
position of the most refractory chemical compounds, 
introduced an entirely new class of phenomena. Con- 
tinental science, in Coulomb, Ampfere, and Weber, first 
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developed the line of reasoning aiid research suggested 
by statical phenomena and applied this to dynamical 
phenomena. Faraday, following Davy, approached the 
subject from the point of view of the chemist. It was 
soon suspected, and latterly proved by actual measure- 
ments,' that the quantities which come into play in 
statical charges, and even in a violent thunderstorm, are 
small compai-ed with those of a steady electrical current. 
The phenomena of electricity in motion became of in- 
finitely more practical importance than those of elec- 
trical equilibrium or of static tension. The views of 
Faraday, Thomson, and Maxwell, which Helmholtz, 
educated though ho was in the Ctmtinoutal luethrxls, 
adopted and introduced into German scientific literature, 
lent themselves, as he recognised, more siiccossfully and 
directly to the solution of the problems which applied 
science forced upon theorists. 

Something, indeed, has been lost by this fundanicntal 
change whicli lias come over modern reasoning in 
electrical matters. This has been most clearly and 
pointedly expressed by M. Poinearcl the eminent French 
mathematician, who has done so mucli to illumine 
physical and mechanical iirol^leruH from the side ofYui’ce 
mathematics. ^‘Maxwell,” ho says, ‘‘<iuc*s not give a 
mechanical explanation of electricity and inagimtism ; ho 
confines himself to the proof that such an exphtnatitm is 
possible ” Accordingly, tlioso who were brought up in the 
traditions of the school of Laphuio and Guutdiy feel dis- 
mayed at the indefinitencHB which adheres io tfio exposi- 
tions of MaxwelTs latest and gmuf-ost work. ‘‘ A groat 
French philosopher/’ M. ihmioftrd proceeds, '' one of those 


ncHW of tl 
theory. 
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who have most completely fathomed Maxwell’s work, 
said to me once, 'I understand everything in tlie Ijook 
except what is meant by an electrically charged body/ ” 
Professor Glazebrook tells us : We cannot find in the 
' Electricity ’ an answer to the question, What is an 
electric charge ? Maxwell did not pretend to know, and 
the attempt to give too great definiteness to his views 
on this point is apt to lead to a misconception of what 
those views were. . . . Still, in order to grasp Maxwell’s 
theory, this knowledge is not necessary.” 

Nevertheless, Maxwell’s followers in this country and 
abroad are not satisfied to leave those points which are 
obscure or indefinite in his theory unilluminatcd. I have 
already )’eferred to the valuable practical illustrations of 
Lodge. What has been done in a more systematic 
manner on the Continent and at homo I shall ))riefiy 
refer to at the end of the next chapter. AVe may call it 
a revival of the atomic view of electricity. 
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CHAPTEE VIL 

ON THE PHYSICAL VIEW OF NATUIIE. 

I HAVE already remarked that none of the three i^reat 
generalisations which we have so far reviewed have heeu 
creations of the philosophers of the nineteenth century. 
Their first enunciation belongs to antiquity, though they 
have only within the last three hundred years heeu ex- 
pressed in sufficiently precise terms to permit of practical 
measurements and mathematical deductions. The first 
step towards a scientifically comprehensive employment 
of the familiar but vague terms of attraction, of atoms, 
and of undulations came, as we have seen, in each 
case from some solitary tliinker of this country : from 
Newton, from Dalton, froiu Thomas Young. " THe'^syi^tali*' 
atic elaboration belongs to the combined sciontifio exer- 
tions of all the civilised nations of the world. In hooks 
on astronomy, physics, and chemistry, up to the middle of 
the century, we can hardly find any theoretical exposi- 
tions which are not based upon one or more of these 
three ideas. « Indeed they govern tlie entire science of 
inanimate nature during the first half of the century* 
None of these three principles, Imwover, appeared suf- 


1 . 
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2 . 

Insuffici- 
ency of the 
astronomi- 
cal, atomic, 
and kinetic 
views. 


3 . 

The concep- 
tion oL 


ficient to cover the whole field. The law of gravitation 
embraced eosmical and some molar phenomena, but led to 
vagueness when applied to molecular actions. The atomic 
theory led to a complete systematisation of chemical com- 
pounds, but afforded no clue to the mysteries of chemical 
affinity. And the kinetic or mechanical theories of light, 
of electricity, and magnetism, led rather to a new dualism, 
the division of science into sciences of matter and of the 
ether. The unification of scientific thought which was 
gained by any of these three views, the astronomical, the 
atomic, and the mechanical, was thus only partial. A 
more general term had to be found under which the 
different terms could be comprised, which would give a 
still higher generalisation, a more complete unification 
of knowledge. One of the principal performances of 
the second half of the nineteenth century has been to 
find this more general term, and to trace its all-pervad- 
ing existence on a eosmical, a molar, and a molecular 
scale. It will bo the object of this chapter to complete 
the survey of those sciences which deal with lifeless 
nature by tracing the growth and development of this 
greatest of all exact generalisations — the conception of 
miorgy. 

The complex of ideas and the manifold courses of 
reasoning which are centred in this conception form 
such an intricate network, the interests involved arc so 
great, the suggestions which led up to it so numerous, 
the consequences which resulted for science and practice 
so far-reaching, that the historian has no little difficulty 
in laying bare the many lines of thought which appa- 
rently cross and re-cross each other. Accordingly the 
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history of this subject has been written from various 
points of view,^ and angry controversies ^ as to priority 


^ The histories are mostly in Ger- 
man. I give the titles of the more 
important. Poremost stand the 
writings of Prof. Ernst Mach — viz., 
‘Die Geschichte und die Wurzel 
des Satzes von der Erhaltung der 
Arbeit’ (Prag, 1872), incorporated 
in the author’s ‘ Popular Scientific 
Lectures/ translated by Thomas 
J. M'Corniack, Chicago, lS9i ; 
and the same author’s ‘Die Me- 
chanik in ihrer Entwickelung, his- 
torisch-kritisch dargestellt ’ (Leip- 
zig, 1883, 2nd ed , 1889, also trans- 
lated by M‘Oormack, London and 
Chicago, 1893). The philosophical 
faculty of the University of Got- 
tingen has twice (in 1869 and in 1884) 
made the principles of dynamics 
the subject of a prize competition, 
presumably both times at the in- 
stigation of the late celebrated 
Professor Wilhelm Weber. The 
first competition led to the publica- 
tion of E. Duhring’s ‘ Kritische Ge- 
sehichte der allgemeinen Principien 
der Mechanik ’ (Leipzig, 1872;* 
republished, with much contro- 
versial matter, in 1876 and 1887); 
the second to the publication of 
Prof. Max Planck’s ‘Das Princip 
der Erhaltung der Energie’ (Leip- 
zig, 1887). In the same year as 
the last book there appeared ‘Die 
I^ehre von der Energie/ by Dr Geoi'g 
Helm (Leipzig, 1887), and lately 
his very complete work, ‘ Die 
Energetik, nach ihrer geschieht- 
lichen Entwickelung ’ (Leipzig, 
1898) 

2 The controversy turned mainly 
on the question of the claims of 
Dr Julius Robert Mayer of Hoil- 
bronn. The experimental work of 
Joule in England and the the<jrcti- 
cal work of Helmholtz in Germany 
were published in ignorance of the 
writings of Mayer. Even the earlier 
important papers of William Thom- 

VOL. II. 


son (Lord Kelvin) and Rudolph 
Clausius appeared before the name 
of Mayer was generally known. 
The question then arose to what 
extent the publications of Mayer 
really anticipated the discoveries 
and theories of Joule, Helmholtz, 
Thomson, and Clausius. It can 
hardly be held that they influenced 
them. Tlie whole of the evidence 
as to the former point is con- 
tained in a very complete publica- 
tion by Prof. Jacob J. Weyrauch, 

“ Kleinere Schi if ten und Briefo 
von Robert Mayer” (Stuttgart, 
1892), which forms a supplement 
to the edition by the sanie author 
of Robert Mayer’s SSchriften,’ en- 
titled “ Die Mechanik der Warme *” 
(Stuttgart, 3rd ed., 1893). Both 
books contain very careful and ex- 
haustive notes. Whoever desires 
to settle the (question of Mayer’s 
claims, which, however, will always 
depend much on individual opinion, 
will find all the documentary evi- 
dence collected in these interesting 
volumes. A further controversy 
arose later as to the discovery and 
enunciation of the second law of 
thermodynamics, the great doc- 
trine of the “ Dissipation of Kn- 
This coutrovei'sy arose over 
the publication fif-tlie-lateProf, 
P- G, Tail’s ‘Sketch of 'l^erntTr*** 
dynamics* in 1868, which is an 
amplification of two articles by 
the same author in the ‘North 
British Review’ of 1864. The con- 
troversy, which referred mainly to 
H. Clausius’s share in tlie enuncia- 
tion of the secMUul law, can be 
.stiidicil ill Tait’s little volume (1 st 
ed., 1868; 2nd cd., 1877), in vols. 
43 and 44 of the 4th scries of 
the ‘Phil. Mag.,’ in his ‘Recent 
Advances in Ifliywical Science’ 
(especially the prefjuso to the 3rd 
edition, 1885), and in the 2nd 

G 
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of discovery and as to the real points at issue 
arisen. Tiie history of thought only takes note of these 
in so far as they are indications of what was of real 
(not of personal) interest in the process, and are thus 
a measure of the value which was inherent in its 
development. 

None of the different views or theories with which the 
earlier generations of philosophers during the century 
operated seemed sufficient to give an insight into the 
real essence, the <^vcng, of natural plienoniena. Neither 
the astronomical nor the atomic nor the kinetic view 
was all-embracing. On the Continent, both in France 
and in Germany, the sciences were rigidly marked off 
from one another, the connecting links were few and 
ill- defined, and speculations as to the general forces and 
agencies of nature were left to metaphysicians and treated 
with suspicion. In England alone the name of natural 
philosophy still obtained, and in the absence of separate 
schools of science, such as existed abroad, suggested, 
at least to the self-taught amateur or to the practical 
man, the existence of a uniting bond betweeii all natural 
studies. It is significant that the term under which we 
nm comprise, and ‘ by which we measure, all natural 
agencies, the term Energy, was first <listinctly used in tins 
The term sense by Dr Thomas Young in his lectures on Natural 

by ySfi. Philosophy,^ a course which, be it noted, also embraced 


edition of the 2nd vol. of Claufeius, 
* Die mechanische Warmetheorie * 
(Braunschweig, 1879), p. 324, &:c. 
In the Jabyrinth of these contro- 
versies I have found^ Helm a fair 
and conscientious guide. 

^ Vol. i. p, 59 of the edition of 
Kelland. Young says ; “The term 


Energy may be applied, with great 
propriety, to the product of the 
mass or weight of a body int(^ the 
square of the number expressing 
its velocity. . . , This product has 
been denominated the living force 
(the vis viva), , , . and some have 
coxisidered it as the true measure 
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Chemical Science, though for merely external reasons 
this was summarily handled. It is equally significant 
that the first valuable suggestions as to the connection of 
the various sciences, and the practical or common measure 
of the various agencies, came from practical or professional 
persons who took an outside and general view of physical 
and chemical processes and their application in arts and 
medicine. Young himself was a medical man, as wei^e 
Eobert Mayer and Helmholtz after Ijim. Practical men 
such as Watt felt the necessity of measuring not so much 
forces (in the ISTewtoiiian sense) as the action of forces, 
and introduced the term power, and the quantity called 
horse-power^ to measure the capacity of an engine for 
doing work. Newton had already measured tliis action‘d 


of the quantity of motion ; bub 
although this opinion has been very 
universally rejected, yet the force 
thus estimated well deserves a 
distinct denomination.” See also 
p. 172. 

^ The quantity called horse- 
power was introduced by Boulton 
and Watt to measure the power of 
the engines they built and sold at 
Soho towards the end of the eigh- 
teenth century. They caused ex- 
periments to be made with the strong 
horses used in the breweries in Lou- 
don, and from the result of these 
trials they assigned 33,000 lb, , raised 
one foot per minute, as the value of 
one horse-power. Dr Young in his 
® Lectures ' has the following state- 
ment; *‘A steam-engine of the 
best construction, with a 30-inch 
cylinder, has the force of forty 
horses; and since it acts without 
intermission, will perform the work 
of 120 horses or of 600 men, each 
square inch of the piston being 
nearly equivalent to a labourer” 
(vol. i. p. 103). 

See the Scholium to the “ Axio- 


mata sivo Leges Motus, ’* p. 25 of 
the lirNt edition t>f the * Principia,’ 
in which the “Agoutis Actio” is 
measured “ ex ejus vi et velocibate 
conjunctim.” Thomson and Tait 
{‘ Katural Philosophy,’ 1886, part i. 
p. 250 and Tait* ‘Dynamics,’ 
1896, p. 181) have drawn attention 
to the fact that this passage of the 
‘Principia* contains implicitly the 
modern notion of energy, and the 
principle of the conservation of 
energy. The coutinenlal historians 
named above are inclined* to give 
Huygens credit for having firSiT 
made explicit use of the idea of the 
conservation of the (juantity now 
termed energy, and they trace i he 
further ^elucidation of it to the 
BernoulUs, especially John Ber- 
noulli, who repeatedly speaks of the 
“conservatio virium vivarum,"and 
“urges that where via viva dis- 
appears, the power to do work 
(f*tcultus aijeadi) is not lost, but in 
only changed into some other 
form” (* Opera,’ 1742, vol hi pp. 
239 and 243, quoted by Planck, Im. 
ciL, p. 10). 


6 . 

Watt in- 
troduces 
the term 
‘'power.” 
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of a force by the product of the force (itself measured by 
the velocity of a moving mass) and the velocity or space 
per unit of time through which it pushes or pulls a 
moving body, and Leibniz ^ had suggested the term ms 
mm to distinguish it from the vis mortua, the force 
or ])ressiire itself. But the first clear and consistent 
fixing of the terminology which has since been universally 
adopted is to he found — not in the ‘ Mecanique analy- 
tique' of Lagrange (that classical work on theoretical 
mechanics), but in the ‘ Mecanique industrielle ’ of 
Poncelet (1829).^ He introduced the term “mechanical 


^ Leibniz’s occupation with dyn- 
amics began with his publication of 
two theses in 1672, which he dedi- 
cated respectively to the Academy 
of Sciences in Pans and to the 
Royal Society. In distinction from 
the writings of Huygens and 
Newton, where precise definitions 
take the place of metaphysical 
discussions, Leibniz’s tracts — ex- 
cept in the comparatively rare cases 
where he confines himself to mathe- 
matical formula — are vitiated, like 
those of Descartes, by philosophical 
speculations. Thus, though emi- 
nently suggestive, they contributed 
little to the clearing up of ideas. 
Influenced by Huygens and by 
Newjbom-Jie -piiriQised in 1686 tbs 
loeas of Descartes on the measure 
of force, and has the merit of 
having introduced the term vis 
viva in 1695, and of having started 
the celebrated discussion on the 
measure of force which was carried 
on during fifty-seven years on the 
Continent, and only settled by 
D’Alembert in his * Traitd de Dyn- 
amique’ (1743) by stricter defini- 
tions. An excellent account of the 
questions involved, and of the 
gradual clearing up of ideas, will 
be found in Frf)f. Mach’s historical 
treatise on dynamics referred to 


above. See the English translation 
by M‘Cormack, p. 272, &c. It is 
there shown that one of the great 
defects of Descartes’ and Leibniz’s 
dynamical writings was the want 
of a clear definition of mass or 
inertia ; also that this conception 
follows more simply from Newton’s 
definition of force than from Huy- 
gens’ conception of work (ibid,, 
p. 251). 

® By the side of, and sometimes 
in opposition to the purely analytical 
school headed by Lagrange, Laplace, 
and later by Cauchy, there grew 
up in Paris the school of i)ractieal 
mathematicians which taught the 
application of theory to practice, 
to problems of artillery, engineer- 
ing, and architecture. They created 
modern geometry, and to a great 
extent modern mechanics. Monge, 
Coulomb, the elder Carnot, Pon- 
celet, Coriolis, were their leaders : 
Navier, Lamd, Chasles, de Saint 
Venant, followed, and combined 
their more synthetic methods with 
the analytical methods of the 
former school. Through Monge, 
Carnot, Navier, and Poncelet, 
geometry and dynamics were led 
into those channels which have 
since been so successfully followed 
in all applied work. To them 
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work” for the definite quantity which had before him 
been variously designated as power, effect, action, &c., e. 
and he distinctly states that the inertia of matter trans- introduces 

tlie term 

forms work into vis viva and vis viva into work. He “niechani- 

cal work. 

also measures this quantity “ work ’’ quite in the modern 
fashion — by the ‘‘ kilogranunetre,” which gives the same 
conception as the foot-pound, only in a different measure. 

Long before the terminology thus invented and fixed 
by Watt, Young, and Poncelet had been accepted by 
scientific writers, a change in the current notions on 
the forces of nature had been gradually brought about 
from quite a different quarter. Uninfluenced by the 
theoretical views which were developed and firmly held 


mathematics was not merely the 
science of magnitude, but <j[uite as 
much that of position, of design 
and perspective, of mechanical 
work and effect. They inti'oduced 
a whole series of new and practical 
ideas, drawn from their own appli- 
cations, and created a new vocab- 
ulary, They worked hand in hand 
with physicists and chemists, some 
of whom had little taste for the 
extremely abstract and analytical 
methods of the school of Laplace 
and Cauchy. Ponoelet’s original 
geometrical work, which will oc- 
cupy us in a later chapter, led him 
into many controversies. It was, 
however, greatly appreciated in 
Germany and later in England. 
His influence on German applied 
mechanics has been quite as great 
as that on geometry ; and the great 
text-books of mechanics by Weiss- 
bach, Kedtenbacher, lluhlmaiii], and 
others, are as much imlebted to 
Poncelet and other French moilels 
as the German text-books on mathe- 
matics, physics, and chemistiy were 
for a long time to the well-known 
works of Biot, Pouillct, Cauchy, 


Francieur, Lam<5, Rcgnault, and 
others. The influence of Ponce- 
let on ijractical mechanics, and 
especially in the fixing of an ade- 
quate terminology, can therefore 
be studied equally well iu French 
and in German historical writings. 
Among the former I may mention 
especially the ^ Ex^iose de la Situa- 
tion cle la Mccanique api>liqu<5e 
par CombeH, PhiUiiJS et Collignon,’ 
Paris, 1867, and among the latter, 
notably the abt>ve-mentioned writ- 
ings of Helm, who traces the 
growth of the conception of me- 
chanical' work in "French 
and its influence on German thought 
(‘Knergetik,’ p. 12, ,kc.) See al^u 
Uiihriug, he. eU., p, ^71,&c. J may 
also refer to Heun’s Report (* Jahres- 
bench t der <loutschei)L Mathcmat- 
iker-Verei«igung,» yol. ix. part 2, 
IfiOl), where the scion ces com prised 
in “Mechanics’* are disUnguished 
according as tlu^y are astrummucal 
(Laplace, Poincard), physical (Kng* 
lish mathcmatioal physics, Kirch* 
hod, HeluiholtK, Herii?), geometrical 
(Poinsot, Chasles, ISall), or tcchui- 
ottl (WuU, Poncelet, Rankine), 
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by the school of which Laplace was the most distin- 
guished representative, natural philosophers like Black, ^ 
Eumford; and Davy had approached the study of those 
phenomena where heat and chemical change are the 
prominent features. The phenomena which they 
studied experimentally can be comprehended under the 
head of the disappearance and appearance of heat as 
measured by the thermometer, or as recognisable 
directly by our sensation of heat. Black accounted 
for the disappearance of heat by the doctrine of latent 
heat, and measured this by the capacity ^ for lieat, or 
the specific heat of different substances. Eumford 
made exact measurements of the heat generated by 
friction, and showed that Black’s doctrine of latent 
r. heat did not account for it. Both Black and Ihun- 
mdDrvy, science from the side of practical in- 

terests. Black, like Young after him, was a physician. 
Eumford was all through his life occupied with the 

^ Joseph Black (1728-99), one of 156, &c. Black, who as early aw 
the founders of chemistry, and a I 1755 had shown that carbonic acid 
prominent figure in that illustrious I gas could disappear as a gas and 
circle of i)hilosopher& who, during , become ‘'fixed,” showed later 
the second half of the eighteenth | that heat could disappear as teni- 
ceutury, made the literature and perature and become ‘Uatent.” 
science renp^med ' ’“By hfmself,^ indeed, the former 

"fe 'whole world, published very i important disco\:ery was not inter- 
little, being mostly known through j preted against the ""then reigning 
his teaching and his pupils. His | phlogistic theory, nor was the latter 
name is, even to the present day, | used to upset the material theory 
rarely to be found in French books ; 1 of heat. Now, however, both dis- 
wheims m Germany, mainly owing ! coveries are^ corner-stones in the 
to the historical writings of Herr- ; history of science, 
manii Kopp, and quite recently of ! ^ According to Dr Young (‘ Lec- 

Prut'. E. Mach, his great merit and ! tures,’ new ed., p, 499), the term 
originality have been fully recog- ' ‘‘capacity” is duo to Dr Irvine, 
nihcd. Hee Kopp, ‘Geschichte der who, as well as Dr Crawford, was 
Cheinie,’vol.i. p. 226, &c.; ‘DieEnt- ; much influenced by BlaeVs lec- 
wiekelungderChemie/1873, pp. 57, ' tures. These were first published 
&o., 88, &c. ; E. Mach, ‘Die Prin- in 1802 by Bobison, three years 
cipien der Wurmelehre,* 1896, p. after the author’s death. 
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practical application o£ scientific knowledge. Black’s 
experiments and measurements contributed largely to 
fix the difference between temperature and quantity 
of heat ; he demonstrated clearly that heat may 
disappear in the form of temperature ■ and exist 
as latent heat, that is, heat not discoverable by 
the thermometer. He, however, adhered to the view 
that heat was a material substance, which, though 
it might become latent, did not disappear as such. 
Eumford ^ was the first who definitely went a step further 
and suggested the convertibility of heat and mechanical 
work. It was not the disappearance of heat but its 
ap])earance when mechanical work was ]>erformed which 
attracted his attention. After eliminating all the 
sources from which the heat ])i’oduced during the bor- 
ing of cannon could have been derived, he comes to the 
conclusion that ‘Mt ai>pears to be extremely difficult, 
if not quite impossible, to form any distinct idea of 
anything capable of being excited and communicated 
in the manner the heat was excited and comnumioated 
in those experiments, exco]>t it be motion.'' Davy, 
who, like Black, approached science in the interests of 
the medical man, comes to the (joiiclusiom.iiuilis first 
published papers, from ex]>eriments on tlie generation 


^ Count Rumford’s “ Inquiry con- 
cerning the Source of the Heat 
which is excited by I’riction ” wan 
published in a later edition of his 
‘Ehsays.’ The experimenta with 
the boring of cannon were carried 
on at Munich in 3796 and 1797; 
the substance of the essay was 
read before the Royal Society in 
January 1798. The ‘ Essays’ were 


republishfttl in America and ta'ans- 
lated into several foreign lan- 
guages. Sec Rumfr>rtVs 'Works,’ 
Jjondon, 1876, voL I 482, 
and vol. h. p. 471. In 1804 
Count llumford publi.ihed, in his 
‘Mdumlres sur la Chalour’ (Paris, 
an. 33), a “Historical Review of 
the Various 3<ls peril nents on Heat” 
(‘Works,’ vol. iii. pp. 138-210). 
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oi^-heat by friction and percussion, that heat is not 
matter, but “ may be defined a peculiar ” motion, prob- 
ably a vibration,^ of the corpuscles of bodies tending 
to separate them. Eumford's and Davy’s memoirs 
referred to belong to the last years of the eighteenth 
century. Dr Young, in his celebrated lectures on natural 
philosophy, discussing the experiments of Eumford and 
Davy came to the conclusion that heat is a quality, 
and that this quality can only be motion.” He refers 
to IsTewton’s view ''that heat consists in a minute 
vibratory motion of the particles of bodies,” and to 
his own undulatory theory of light. This analogy 
with light seems to have for a long time served to 
unify the speculations ^ of those who were inclined to 


^ See his “Essay on Heat, Light, 
and the Combinauons of Light,” 
which appeared in Beddoes’ ‘Con- 
tributions to Physical and Medical 
Knowledge,’ 1799. This essay 
Davy soon after condemned as “ in- 
fant chemical speculations,” from 
which he turned away to ex- 
perimental work, remarking that 
chemical knowledge was yet too 
incomplete to allow of generalisa- 
tions, and that the “ first step 
will^ be the decomposition of those 
bodies which ^ are at present un- 
iSutJ^iupounded. ” This was written 
in 1799. In 1800 (30th March) 
Volta’s invention of the “pile” 
was communicated to the Boyal 
Society, and ou the 30th April of 
that year the first pile was con- 
structed in this country. Bee the 
first and second volumes of Davy’s 
‘Collected Works,’ Jjondon, 1839. 
Davy’s iirst publication on voltaic 
electricity appeared in the Septem- 
ber nuiuberof ‘ Nicholson’s Journal, ’ 
Though the speculations of Davy 
on heat and light, in which heat 


is conceived to be motion and light 
(strangely) to be material, were dis- 
carded by him, they attracted the 
attention of Franklin and of Count 
Bumford. Davy states that his 
experiments on the generation of 
heat “were made long before the 
publication of Count Rumford’s 
ingenious paper on the heat pro- 
duced by friction” {loe. cit., vol. 
ii. p. 117). In spite of his own 
refusal to follow up the lines of 
thought suggested by them, they 
were probably the cause of Davy’s 
appointment as lecturer on chem- 
istry at the Royal Institution : see 
vol. i, p, 83 ; also Memoir of Count 
Bumford (‘Works,’ vol. i *117), 
and Paris’s ‘Life of Davy,’ vol. i, 
p. 112, &c. Tait, in ‘Recent Ad- 
vances,’ gives a full account of 
Kumford’s and of Davy’s work. 

^ Bee ‘Young’s Lectures,’ 51 and 
52. In the second edition, pub- 
lished by Kelland forty years after 
the Lectures were delivered, the 
editor makes the following signifi- 
cant remark ; “ The theory of heat 
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embrace a mechanical or kinetic view of the 
of heat. Joule, as stated above, ^ was the first wlm" 
emancipated himself from it. 

But whilst these suggestions that heat may be re- s. 

Correlation 

garded as somehow connected with motion remained offerees, 
mostly vague and undeveloped, they tended to impress 
upon the scientific mind the interchangeability — or, as 
it was called, the correlation of the different forces of 
nature; and the idea seems to have forced itself in- 
dependently on many minds, through the study of very 
difierent groups of natural phenomena. In Germany 
we may look upon Liebig as the centre of a great 9. 

, ^ Ijiobig. 

scientific movement which tried by means of chemistry 
to bring the realms of organic and animated exist- 
ence under the treatment of exact methods. Not 
only were the methods of organic analysis perfected 
by him and his school, and many compounds inves- 
tigated which appeared to be specially the bearers of 
the living process , but he was also among the first to 
study the economy of living organisms, the circulation 
of matter, and the play of the varied processes bj' 
which life is maintained. Among these processes, the 
phenomenon of animal heat, its origin, anti -uho -paid, .it 
plays in the living organism attracted special attention. 


may be said to I'est where it did 
at the time these Lectures were 
written. The facts wliicb have 
just been mentioned clearly point 
out its undulatory character” (p, 
506). Between the years 1835 and 
1845 theoretical ideas on thenatui*e 
of heat were entirely dominated 
by the remarkable discoveries (»f 
Melloni, Baden- Powell, Forbes, and 
others referring to radiant heat, 


which was sliown to have the khujo 
properties of reflexion, refract ioiu 
and polarisation as light possc'SHod 
The analogy of this form of heat 
with light threw into oblivion 
the bogiimingH of a more gtuieral 
mechanical theory of hefit, which 
—as wc shall «ee furthei on- had 
l)een laid by Badi Carnot in 
1824. 

^ Bee voh i. of this W'ork, p. 431. 
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By his work on organic chemistry, by his many con- 
troversies, such as that on fermentation, by his popular 
letters on chemistry, and especially by his great inllu- 
ence as a teacher, Liebig himself did much to bring 
about an alliance of the separate sciences and a connec- 
tion between practical pursuits and abstract research, ami 
to draw attention to the interdependence of the various 
forces of nature. Only second in influence was Johannes 
Muller of Berlin. Among the many expressions which 
took their origin in the circle of studies suggested 
by these influences, we may select three as giving 
increasingly clear emphasis to the point now under 
consideration — viz., the correlation of all the physical 
forces of nature. These expressions are those of the 
convertibility of forces, of the existence of a common 
measure of force, and of the conservation implying 
the perdurability of a certain quantity — now termed 
Energy — of which all phenomena are merely a partial 
exhibition. They are connected with the names of Karl 
Eriedrich Mohr, Julius Eobert Mayer, and Hermann 
Helmholtz. 

Were it my object merely to write the history of 
probably follow the example of some 
historians ^ and omit altogether the first of these names 
in the present connection. But as my object is to wj’ite 
the history of scientific thought, I feel bound to give a 


^ Hach, in his recent very lucid 
and valuable work, ‘Die Princi- 
pien der Warmelehre,’ Leipzig, 
1896, does not mention Mohr. On 
the other side, Helm (‘Die Ener- 
getik,’ 1898, p. 9) mentions Mohr 
and likewise Planck (‘Das Princip 
der Erhaltung der EnergieJ 1887, 


p. 21). Tait’s first edition of 
‘ Recent Advances,’ 1874, does not 
contain Mohr’s name. The third 
edition gives a full account of 
Mohr’s early papers (pp. 51 and 
60, &c,) See also the appreciative 
article on K. F. Mohr in the ‘ Ency. 
Brit.’ 
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foremost place to llie short memoir of E, Mohi* entitled 
‘‘On the Xaturo of Heat” which appeared in 1S>j7 in 
an ohsenre seienthic periodical published at Yienna, 
The ])ublicaiion of it remained unknown, even to the 
author himself, and was certainly unappreciated by the 
scientific world f<jr more than thirty yearsd 


^ The story of Molir’s memoir 
curious, not to say romantic. HL 
original jiaper, ‘ IJeber tlie Natur 
cler Wanuc*,’ was offered to Pog- 
gciiflorf and refused, as were the 
later meniohs of Mayer and Ifelin- 
holtz. A dread of siitro< luring 
siioculative matter into the ‘An- 
nidcii ’ prevented lilvowiwe — as f 
related above (p. fbJ, note ‘ij— the 
appieciation of much of Faradnyts 
latei work. He then .sent the JVIS. 
to Itauuigartiier, in Vienna, %sh<» — 
always interested in theoretical 
ph,\fics — pn’iited it in a peiiodieal 
(‘Eeitschnft fur Physik’) of which 
ho and von Ilolger ■were joint- 
editors. He did not infonu fhe 
author of this. Mohr was a re- 
niarkahly original thinker, in whose 
ijnnd important ideas roho at tiiacfi 
to extraox’dinary clenx'nesH, hut who, 
like many origixial thinkers, did not 
always apprecitile his own id<*aH at 
their true value, anti actairdingly 
treated them with neglect, and dhl 
not coxxmstently develop them. In 
the present instance he turn ten t<sl 
himself with inserting an abstract 
in the ‘Aiumlen der Pharniacie’ 
(voh xxiv. p, 141), of which he was 
then joint - editor, together with 
Liehig and Merck, Ho made no 
further inquixdes as to the fate of 
his larger memoir, au<l, in con- 
versation with friends uji to tlm 
year 1860, as aho in his ‘Mechan- 
ische Theoiio der chemisehen 
Affinifcat' (Braunschweig, p, 

45), used to deplore the losw of a 
document which, more fully than 
the short paper in the ‘ Annalen dex* 


I Pharmacic,’ would have estuhlislicd 
1 his pntuity in the clear enunciation 
1 of fi I’cniarkabio pimci}de which 
hfteon yearn ttior jcceivcfL general 
I lecognition 'I’lie matter would 
j probably have rcstetl there had it 
j not hcen that Tynd.'ill, in the year 
bSdli, in a celebrated lecl^un* before 
the Hoyal institution, eonimeiiec'd 
that long scenes of histonc.il nnd 
eontrovcrsial public.itionH in whieii 
many pcj'^on.s, including Idm.-elf, 
Joule, Tait, (3o]<ling, Helmholtz, 
Akin, Bohn, liuhring, 
and others took part, ami in 
which, among several elaims prior 
to or Contemporary with Mayer's, 
thoso* also of Mohr I'c'ceived due 
recognition* It seeinu to have 
been especially Dr Akin who diew' 
attention to MohPs claims, and 
H<‘arehed in th(* forg(»ttcn volumes 
f>f the AuHtrian periodical for the 
(»ngiinil memoir, which, unknown 
t-o the author himself, had been in- 
Hcribcd o« p. 4 U) of tlic fifth volume. 
This discovery he announced Ui 
Mohr hini.uH after 1iavJn'g*:ii4*Pt.:!-Jv 
in November tSf)} (‘J*Iuh Mag.\’ 
'lUi wne.H, vob xxviii, p. 471], 
given .several ex tract. s, among whicli 
iH the one «{UoU‘d by me m the 
text, Mfthr puhlifjicd, in INtlfJ, a 
scqmd to the abf»vc menlioned book, 
entitled * Allgcumdm} Theorio der 
iknvoguug uiid Kraft/ in which ho 
to Dr Akin’s discovery, am! 
repHnin ifio original memoir in 
full. Since* that time Iuh name has 
figuivd 111 mnny luHtorieal accoimtM 
UH one of the pifiiKKU's in the de- 
I %*tdupitH*i'it of the energ,'^ -concept 


11 . 

Molir. 
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12 . 

Mayer. 


It forms, therefore, no link in the actual development 
of the energy-conception ; but it is a significant evidence 
of the direction in which the ideas of natural philosophers 
were then moving, and of the high degree of clearness 
to which they rose in individual instances. When we 
read the following words : Besides the known fifty-four 
chemical elements there exists in nature only one agent 
more, and this is called ‘ Kraft ' ; it can under suitable 
conditions appear as motion, cohesion, electricity, light, 
heat, and magnetism,” it seems difficult, even after the 
lapse of two generations, to alter anything in this clear 
and simple enunciation of the law of the conservation 
of energy. It has indeed been stated that unless 
some still earlier author should be discovered, there 
can be no doubt that Mohr is to be recognised as the 
first to enunciate in its generality what we now call 
' conservation of energy.' ” ^ At the same time, the 
case shows how little, at the beginning of a scientific 
movement, purely abstract statements are capable of 
really guiding research into fruitful channels. There 
is with Mohr no attempt to establish or apply an actual 
measure^ of the amount of energy appearing in the 
^ This further 

step was taken five years later by J. E. Mayer, who 
can claim to be the first® to have ventured on a 


tion; hie merit being variously 
appraised according to the purely 
scientific, the philosophical, or the 
more practical standpoint taken up 
by various critics. See, mter alia, 
P. O. Tait’s ‘ Recent Advances,* 3rd 
ed., p. 60, &c. ; also the correspon- 
dence of Mohr and Mayer in the 
latter’s ‘Kleinere Sehriften und 


Briefe,* ed. Weyrauch, p. 407, 
&;c. 

^ See the article on K, P. Molir 
in the *Ency. Brit,,’ 9th ed. 

® See on this point Weyrauch, in 
Mayer’s ‘Kleinere Sehriften,* p. 408. 

® Helm(‘Energetik,*p. 34) begins 
the list of undoubted determina- 
tions of the heat-equivalent with 
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numerical estimate as between niccbanical encr|:;‘y mi 
the one side, iiml iho amount of one of the iinpojidor- 
a])les — heat as nieasm'ed hj the thcniujineter — on 
the other. Although his methods were not free from 
objection,^ while his arguments were mixed up with 


Mayor, 1SS2, Hin rlotcrniinat on 
ts fjoutaiuecl in his t!ri>t rapor, pn]>- 
lished, was Mnhr h, in Liohij;*h 
‘Annalon' (vol. xHi., May;, wilh 
the title ‘‘ noinerknn,ii:eu nlmr (he 
Kriift e (ler uiihelehl f«n N aiur.** ^'ho 
experiments pcrloruied hy ilumford 
m 1708 wer<i tuado lln* (»f a 

calculation of the heat o(iuivaleiil, 
ol the w(‘fL;ht. wltich can Im 
lift,e<l one toot if iht* heat retjuircU 
to r.un(‘ a pound of wcUt T' he con. 
vcrt<Ml into work aii'ainst f^ravita- 
t^ion, and tins figure turnn out to 
he lOJi*} ii), us conipaKid with 77U 
11), given hy Joule himself {‘Phih 
''JVaiis,,' 1 850 ; ‘ Joule’s Papers,’ vol 
i, p. 200). The ear1iercomputationh 
of Seguin, hawed upon the work done 
hy the expauwiou j>f wteam, were 
rehirred to by Jouhs, 1’yndull, and 
Tait iu 1802 and 18«.j Phil Mag.J 
•1 th Hories, volw. xxiv. and *\xviii.),{ind 
hhowu tc> lead to figureH further *41* 
the mark th«in thowe of Mayer, in 
the course r»f this later controversy 
it became for the tirwt time gen- 
erally kuowu that A, Coldiiig, an 
engineer in (Copenhagen, had a 
little later than Mayer (1842), and 
aluiowt HiinultaneouHly %vith /louie, 
given a determination of the equiva- 
lent haned upon friction of inetalw, 
which wafi lower than Mayer*». He 
accoj’dingly now figures m wecond 
in Helm’ft list On© r^f JouleV 
earliest experiraents with heat, 
evolved by the passage of water 
throitgh narrow tubes/’ gave the 
equivalent aa 770, very near the 
figure, viK., 772, finally settled on 
as correct in 1850. 

^ The reasoiung of Mayer is not 
-completely contained in hiw first 


paper, which ftuh'.c^qiiontly, on a 
..uggei'tkm of ,Jouk*''M appeared 
in truiisiatioii in the " Phil Mag.’ 
(4th serioK, vol. xxiv. pji, 123, and 
•371 norj } q'he av^umptioij (called 
)*y 3’hoiu.so!t in ISnl ‘‘Mayer’.^ 
!iypf>Uicvn," .‘.ry ‘Matli. and Ph>w. 
I’apei'ft.,’ Vi)i. 1 . ]». 213) that “the 
work w])C*nt in the eomprii-iioii of 
a guw . , . is oxufdly the mi’ohani- 
cal otjuiv.dfMit of the . . . litsat 
iwolved,” which .hailo did luk think 
it right to at;ccj>t without satisf\ mg 
hniiselt* hy experimetd ■« (iMeo * Phil. 
Mug 4th foric^, \ ul x\iv, p. P22), 
was based by Majnir on an ahni^st 
forg(dU*n e.vpfriment of (Jay 
fmswics in the year 1807, as is evi- 
dent fnnn his ijuhsc<iuent paper, 
published in 1845 (reprint in 
‘Moehanik der M’anne/ od. Wey- 
ranch, IHlli, p. 53), and htiU n»»re 
from his con*e.spond«mc(j with Haur 
previous to his first publication 
(ibid., }K 20 , and * Mayer’s Briefe/ 
p, 1 30, Hoptcm)>er 18-il ). Tlie t.ub- 
je<;t. vvuH exhaustively investig.Ued 
liyThomFoti and J<mle in a Joint* 
memoir on *‘the thermal olfects of 
fluids in nujtioit,” IHoii 
both in Jouh^’s and Lord Kelvin’s 
HchinMfie Pupors;, when it was 
shown ^ that for air Mayer’s liy- 
pothesis was approximately, hut 
not abholubtly, oomrt, Ho long, 
therefore^ as the history of Mayer’s 
rcaHoning wjis not eompletelj 
known, it appeanfd m if he hud 
by a kind of aecidmit hit upon an 
approximately csarect figure. Be© 
Taifc, ‘Uoceut AdvanccK' (2rd e<l, 
p. 52 ; but also Helm, * Energetik/ 
ji. 24, and Miich, ‘Wamidehro/ 
lu 249 ). 
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philosophical speculations which tended to prevent their 
ready acceptance, it cannot be denied that, as a first 
approximation, “his equivalent” was sufficiently near 
the truth to be practically useful. 

But neither the happy generalisation of Mohr, which 
was lost or forgotten, nor the numerical estimate of 
Mayer, which remained unnoticed, succeeded in impress- 
ing contemporary philosophers with the importance of 
the subject. This was done almost at the same date, 
though quite independently, by the persistent and per- 
severing experiments and measurements of James Pres- 
cott Joule, who laboured unnoticed and practically 
without support from 1841 to 1847, when he had the 
good fortune of gaining the attention and friendship 
of William Thomson (Lord Kelvin).^ 


^ Joule not only defined more 
clearly the different data and con- 
ditions on which the correctness of 
the result must depend, but had 
also at his command a much greater 
wealth of novel experimental facts, 
brought together by his own re- 
sourceful mind. Thus from 1843 
to 1850 he published no fewer than 
ten series of experiments, approxi- 
mating from widely differing results 
-^o^h^rtisljgUTe. - See Helm’s'lSst' 
Energetik,’ p, 34). Aftei: he had 
laboured for more than five years 
his work was, in 1847, at the meeting 
of the British Association in Oxford, 
still almost unknown. He himself 
reports as follows in 1885 (‘Joint 
Scientific Papers,’ 1887, p. 215); 
“It was in the year 1843 that I 
read a paper * On the Calorific 
Effects of Magneto-Electricity and 
the Mechanical Value of Heat’ to 
the Chemical Section of the British 
Association at Cork, With the ex- 
ception of some eminent men . . . 


the subject did not excite much 
general attention ; so that when I 
brought it forward again at the 
meeting in 1847 the chairman sug- 
gested that, as the business of the 
section pressed, I should not read 
any paper, but confine myself to a 
short verbal description of my ex- 
periments. This I endeavoured to 
do, and discussion not being in- 
^vited, the communication would 
have passed without comment if a 
young man had not risen in the 
section, and by his intelligent ob- 
servations created a lively interest 
in the new theory. The young man 
was William Thomson, who had two 
years previously passed the Univer- 
sity of Cambridge with the highest 
honour, and is now probably the 
foremost scientific authority of the 
age.” See also Lord Kelvin’s ac- 
count of the meeting in 1847 in 
‘Popular Lectures and Addresses’ 
(London, 1894, vol ii, p. 556, &;c.) 
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A of JJmUou, Joule was eaily drawn iniu the 

Circle of ideas and invcstij^ations winch are contained in 
Farada} s expcrinieutal researches. \Vith much ain])ler 
means, and ]»osbi]>ly also with a greater love for accurate 
(j[uantitativc lueasurenients, than Faraday jiossessed, he 
grasped the great importance of the law of electrolyti(' 
equivalence as allbrding the means of accurately measur- 
ing chemical processes, and of giving definite ex])ressiun 
to the vaguer ideas snp]»oi‘tcd hy Faraday and others 
that> force was indestructible, and that the difliireiit 
l‘or(‘es of nature were mutually convertible. dhese 
uleas had rof'.eived ]*o]>ular circulation and currciit, ex- 
pression in (rroves c*elebratcd lectures on tlie ‘Ahrre- 
lalion of riiysical Forces” in 1842 and 184.‘b douh% 
in whose mind they seem to have existed as axioms, 
set himself to devise uccurattj instruments and mc*thncls 
by whicli llic convertihilily of diflbrcut forceps, their 
*Auechanical duty,” could be measured, and their ecpiiv- 
aleiKJc put into figui’cs. Tlic first numbers which dcnile 
found ilitfered considerably,^ so tliat the conclusion 
arrived at that the mochanieal duty or value ” of ti 
degree of heat is a constant quantity could only have 
been drawn by one who had a strong a priori*'^ eon- 


* For Hoo ‘ Enor- 

getik,’ p. M ako vol. L p. 200 , 
iK>to, of tho proHCiit wf»rk. 

varied from 742 to 800 
foot-poundB, and wan finally fixed 
at 772 in 1850, tkin tigure teing 
correct to J ]>sr cent (Juule’H 
SScietitifiC Papern,’ p, 328). 

*** PUiloHophical conHidoi'atioiiH arc 
mixed up with all the early enuii- 
ciati<mii of the principle of tlie in- 
destructiidHty of force, or energy an 
it wan later liiure dearly termed. 


A prediHpotdlion to bdi<!v^» that 
Home ijuauitty iKsside.^ mutter could 
Uot be f^r enutted, hut ou]> 
prCHCrvcd and tnaiMfonoed, exi.'^tcd 
in the mitidrt of Mohr, Heguim 
flayer, Poldiug, Joule, ilini, ami 
hoH been trac^al varioudy bjM k to 
the writhigH of earlier thinker.** *** , 
«uch an MontgoHicr, Faraday, Davy, 
Oerriletl, Leibiii/., &e. Pnd. Madi 
Wiinnelehre/ p. 288, dP- 
CUHHOH tluH point fully. The )>riii^ 
dple gradually became firmly 
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viction in that direction. The experimental result did 
not satisfy Helmholtz, who, about the same time, was 
led to consider the origin of animal heat in living 
organisms, a problem with which Liebig^ had been 
greatly occupied for several years. Without himself 
devising or instituting new experiments, or attempting 
any determination of the equivalent as others — notably 
Golding and Holtzmann — were doing, Helmholtz, in 
1847, undertook a theoretical investigation which has 
since become classical — a corner-stone in the philosophy 
of the subject. He first of all gave the principle in- 
volved a correct mathematical expression, showed how it 
could be considered as an extension of the theorem known 
in abstract dynamics as the conservation of the vis viva 
of a mechanical system, attempted to define the nature of 
forces, in the Newtonian sense, which would be subject to 
the new principle, and brought it into logical connection 
with the axiom laid down and used by French philos- 
ophers, that perpetual motion is an impossibility. After 
olearing the ground so far as abstract dynamics is con- 
cerned and giving the necessary definitions, sharply dis- 
tinguishing between acting (living) forces and mere 
LensiaM4.<3^^ Helmholtz proceeds to draw all 


jstablisliecl according as strict 
lefinitions, experimental proofs 
ind figures, and mathematical 
lormuke took the place of vague 
Speculations. J oule did the experi- 
nental, Heljnholtz the mathema- 
)ical, part of the work ; but it is 
nteresting to see how little the 
atter without the former was able 
.0 impress contemporary German 
vrxters with the value of the prin- 
dple which he established. He 


himself even did not for a long 
time develop the line of reasoning 
which he had begun. 

^ See Helmholtz, ‘Eericht iiber 
die Theorie der physiohjgischen 
Wiirmeersoheinungen,’ 18*15, re- 
printed in ‘ Wissenschaftliche Ab- 
handlungen,' vol i. No. 1, also 
on Joule^s early experiments in 
*Ueber die Erhaltung der Kraft,’ 
ibid,, vol, i. p, 33. 
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other forces of nature into his consideration, showing, in 
the case of the phenomena of heat, electricity, galvanism, 
and magnetic induction, how’' the dilferent agencies can 
be brought into comparison with mechanical ones by 
measuring the work they peiforiii ; refers to the attempts 
to fix the mechanical value of heat; concludes in each 
case that no observed phenomena — tiot even the pro- 
cesses in living organisms — stand in crjiitradiction witli 
the principle announced, and eiid>s with the words : “ I 
think in the foregoing I have proved that the a1)0ve- 
mentioned law does not go against any hitherto known 
facts of natural science, hut is supported hy a large 
num])er of them in a stiiking maniifu*. 1 have tried 
to enumerate as completely as possible what con- 
sequences result from the combination of other known 
laws of nature, aiul liow they re<phre to be con- 
firmed by further experiments. The aim of this 
investigation, and what must excuse me likewise fur 
its hypothetical sections, was to exjdain to natural 
philosophers the theoretical, pracitieal, and hcinistic im- 
portance of the law, the (*,omplete verifitjction of which 
may well be looked upon as one of the main jaoblems 
of physical science in the near future.”^ Tlie reasons 
why this valuable document attracted lit-tl<^ attention at 
the time and was set aside, as were ear]h*r contilbu- 
tions of Mohr and Mayor, by the cumtral c»rgan of ex- 
perimental physics abroad, arc inkn^sting' from a. 
historical point of view. The first and main reason 
seems to have been tha-t none of the tliree original and 
independent expressions contained any new experimental 
* ‘Gesaunuclto AbhauHiimj^en,* voL L |». 


VOL. Ih 


n 
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facts,^ and that the then reigning school of natural pliilos- 
ophers in Germany discouraged theoretical deductions, as 
possibly leading back to the fatal philosophy of nature,” 
out of which they had only just escaped. Men of the 
intellectual eminence of Liebig, through whose labours an 
enormous mass of new facts had been accumulated, and 
who desired to see the more hidden processes of organic 
life subjected likewise to rigorous measurements, showed 
indeed a certain appreciation of the attempted defini- 
tions of Mohr and Mayer, struggling as he and 
they alike were under the still existing confusion in 
the fundamental conceptions.^ And these were not 


^ See Molir, ‘ Allgememe Theorie 
der Beweguiig und der Kraft,’ p. 
82, &c. Poggendorf did not reply 
to Mayer’s repeated communica- 
tions and did not return the MS , ; 
the fact that he received it was first 
established by Zdllner, who in 1877 
recovered the MS. from Poggen- 
dorf s heirs (Mayer’s ‘ Schriften und 
Brief e,’ ed. Weyrauoh, p. 100), and 
gave a facsimile of it in his 
‘ Wissenschaftliche Abhandlungen ’ 
(Leipzig, vol. iv., 1881, p. 672). 
Helmholtz, who in 1847 had no 
knowledge of Mayer’s writings, did 
full justice to his claims in his 
address, *Ueber die Wechselwirk- 
(1854), and 

vindicated them against Tait’s 
criticisms in a letter published by 
the latter in his ‘ Sketch of Ther- 
modynamics ’ (Edinburgh, 1868); 
see Helmholtz, ‘ Wissenschaftliche 
Abhandlungen,’ vol. i. p. 71, &c. 
Helmholtz closes his later com- 
ments on the subject (‘Vortriige 
und Reden,’ vol. i., 3rd ed. , 1884, p* 
74) with the following significant 
remark: ‘^The best ideas run the 
risk of remaining barren, if not 
accompanied by that energy which 
lasts till the convincing proof of 


their correctness has been given.” 
This explains the neglect of Mohr 
and Mayer, and why in England 
the interest in the energy ideas 
only became general after Joule’s, 
Thomson’s, and Rankine’s labours, 
as Helmholtz himself remarks in 
1854 (‘Yortrage,’ &c,, p. 39). 

Helmholtz (“Ueber Mayers 
Priontiit,” * Vortrage,’ vol. i. p. 69) 
says ; That the [i,e. Mayer’s] dis- 
sertation contained really important 
ideas, that it did not belong to the 
wide-ranging literature of vague 
suggestions, such as are annually 
served up by badly informed ama- 
teurs, could at best only be noticed 
by a reader who had already turned 
over in his mind similar reflections, 
and who could recognise them 
under the somewhat strange vocabu- 
lary of the author. Liebig, who, in 
the same year in which Mayer’s 
dissertation appeared, published his 
book on animal chemistry, in which 
he fully discussed the question as to 
the origin of animal heat, was per- 
haps such a reader, and was there- 
fore willing to insert the article 
in his annals.” The same remark 
would refer equally to Mohr’s 
earlier essay. It is now known 
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sufficiently cleared up in Mohr’s short aptrnt, whieli does 
not attempt to distinguish between the two different 
meanings of the word force, nor in tlie earlier paptu's 
of Mayer, who, however, in later writings shows a cleai 
appreciation of the difficulty. Ln Heliiiholtii’s memoirs 
the desired clearness v'as only attained by mathematical 
reasoning, which in his age and country was accessible 
to but few naturalists. The second and probably the 
fundamental obstacle in the way of a Just recogni- 
tion of the new truth lay in the fatal use of the term 
“force ’’ill two distinct meanings, rojmlarly the diili- 
ciilty has only been removed bj the creation of a new 
vocabulary, and dates from the introduction of the term 
“work” liy Clausius in ISoO, and of the term “energy’* 
by William Thomson, wlio adopted it from Young in the 
year 3 852, The confusion which had been ke]it uj» by 
employing the word “ force ” to mean not only pressure 
or dead force (iu the Newtonian sense) but also acting 
force {ms vim in the Loibuizian sense), and with this 
confusion the whole meaning of the great coniroversies 
wliicli raged for many years between the CartesicUis 
and Leibnizians on the correct measure of force, was 
then removed, and a grammatical and logic-al foumbt- 


tVam Mayer’w comKpoiid- 

euce tiiat ftoiae romarkd of layhig 
lumwelf, whicdi appeared rarly hi 
184*2, iufluced him to heml lam hia 
firnt paper in order not to 1 om‘ the 
right of priority” (letter to dries* 
inger, 5th-6th December 1S42, hi 
‘ Schrifteu uiid Uriefe/ ed, Wey- 
rauch, p, 190). Mayer them myn: 
'M debig wrote to me, irdfr afh; 
‘ Ah to what force, cuum*, and 
ehe(5t are, there exi.Hl in general 


Hoch emifured Jioliouh that aji 
eawily underhlooti r^*spianat:ion muut, 
la.M'(>ij,dd» ‘red io !hj of real valu«*P 
One would uf-tvirdinj^ly think that 
he liiui'self (‘<m''iderrf hiniHeU »juiu* 
I idiove thr, gem-ral eouhiHiou ^ that 
tluH 1 h ii»it Ml, 1 couhl wee ciUlb 
eieiitly from his * phrmomena of 
nerlhm hi the animai organinm ’ 
(bmbig, ‘Die organiwhe <dif‘n»ie3 
kQ.; im, p. 18 :j, Ac.)” 


15 . 

“Worb‘'ani 

** 

jnfroihu'ftd 
by CIunHiU'- 
Olid 

Thomson. 
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tion secured on which a new generation could enter 
at once into the possession of corrector dynamical and 
physical views. It is now being recognised more and 
more that the word “force’’ applies only to a mathe- 
matical abstraction, whereas the word “ energy ” or 
“ power to perform work ” applies to a real quantity ; 
and there are not wanting suggestions that the former 
should be altogether banished from scientific text-books, 
and that the latter denotes not merely a property of 
matter, but that it is after matter the only real thing 
or substance in the material world.^ 

This radical change in the fundamental notions which 
underlie all physical reasoning was not brought about, 
however, till the vaguer views expounded by Mayer in 
Germany, and the exact measurements of Joule in England, 
had been united by the independent labours of Thomson 
and Clausius, whose earliest researches (also carried on 
independently of each other) had been suggested by the 


1 The late Prof. P. G. Tait has 
cn various occasions expressed 
himself in this sense. See his 
lecture on “Force,” delivered be- 
fore the British Association, Glas- 
gow, in 1876, and reprinted in 
also 

the closing paragraphs of his article 
“ Mechanics,” in the 9th ed. of the_ 
*Ency. Brit.,’ reprinted as * Dy- 
namics,’ 1895, where he says (p. 
356) ; “ The only other known 
thing in the physical universe, 
which lis conserved in the same 
sense as matter is conserved, is 
energy. Hence we naturally con- 
sider energy as the other objective 
reality in the physical universe, 
and look to it for information as to 
the true nature of what we call 
force;” and (p. 361); “In all 


methods and systems which in- 
volve the idea of force, there is the 
leaven of artificiality. The true 
foundations of the subject, based 
entirely on experiments of the 
most extensive kind, are to be 
found in the inertia of matter, and 
the conservation and transfor- 
jmation of energy. With the help 
of kinematical ideas, it is easy to 
base the whole science of dynamics 
on these principles ; and there is 
no necessity for the introduction of 
the word ‘ force,’ nor of the sense- 
suggested ideas on which it was 
originally based.” We must, how- 
ever, in that case extend the con- 
ception of matter to eml^race also 
the ether (see Tait, ‘ Properties of 
Matter,’ p. 6, 2nd ed.) 
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still earlier writiucis of Sadi Carnot and Clapevron in ic. 
France. Tlioinwoii\s interest in the siiliijcct dates iroia 
the middle of the ’forties. He was then occupied with 
finding a method for measuring heat on tiie absolute 
scale. Mohr, Mayer, and Helmholtz all ax:iproacliod the 
thermo-dynamical problem in the medical or physiok)gical 
interest. Trained in the school of Liebig and Jfiluumes 
Muller, they were led to study the economics of organic 
processes and the mechanism of the physiological pheno- 
mena of animal heat, of motion, and of nutrition. Hadi 
Carnot, as after him Glapeyron in France and Jouh* in 
Manchester, approached the theamio-dynamkal problem 
from the side of practical interests, createil by tin* intro- 
duction and universal a])plication of steam in tin* useful 
arts. The great change*, workcnl liy the steam-engim*, 
evspecially in England, the utiliHatuni of coal ami iron- 
stone, the foundation of England's growing industria.1 
wealth, seemed to Sadi Carnot to be crmcentratofl in the 
problem of the motive power of heat; as to Liebig, the 
key which would unlock t.he luysterius of \'c\g{dable 
growth, of animal mitrition, and of human labour, with 
their economic, industrial, and political usjKicts, ley in 
the problem of combusti«ni. As in the domain 
cal science, bo in that of thermotics, the first thuig to 
do was to arrive at a ccjrrect method of measuring heat 
as distinguisliod from tomporaturo. It was a problem of 
applied mathematics. About tlie same time <iauBH Imd 
established the system of absolute nmmurmnmxt fi‘om a 
universal ijoint of view, and he and Weber had applied 
it to magnetic and electrical phenomena. Thomson 
set himself to do the same thing in thennotics, and 
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he found in the ideas expounded by Poncelet, Sadi 
Carnot, and Clapeyron, the means of accomplishing the 
object. We now see how there lay, in the fundamental 
problem of thermo-dynamics, the unifying idea of sciences 
hitherto far apart and working on independent lines and 
with independent standards of measurement, speaking, as 
it were, separate languages. And what was the new idea 
which lay concealed in Sadi Carnot’s forgotten pamphlet ? ^ 
In Carnot’s original memoir it appears as an axiom at 
the beginning of his reflections. “ The production of 
motion,” he says, in steam-engines is always accompanied 
by a circumstance on which we must fix our attention. 
This circumstance is the re-establishment of equilibrium, 
or level, in the caloric — that is to say, its passage from 
one body where the temperature is more or less elevated, 


^ The story of Sadi Carnot\s 
memoir is not leas curious than that 
of Mohr’s first paper. It was first 
given by Lord Kelvin in his earliest 
article, “ On an Absolute Thermo- 
metric Scale” (1848), reprinted in 
‘Math, and Phys. Papers,’ vol. i. 
p, 100), and “An Account of Car- 
not’s Theory ” (1849, ibid., p. 113). 
He had in 1845 searched in vain for 
the ‘ Puissance motrice du Feu ’ in 
all the boohshops of Paris. In 1 848 
Lewis 

Gordon in Glasgow, ft was known 
to him before through Clapeyron ’s 
memoir in the 14th vol, of the 
‘Journal de I’Ecole polytechnique ’ 
(1834), Sadi Carnot published his 
memoir as a pamphlet in 1824. It 
has since been republished by his 
brother, Hippolyte Carnot (‘Reflex- 
ions sur la Puissance motrice du 
Feu et sur ies Machines propres h 
developper cette Puissance,’ Paris, 
Gauthier- Villars, 1878), with im- 
portant posthumous papers, from 
which, inter alia, it is evident that 


Carnot, before he died, had aban- 
doned the material theory of heat, 
and actually, by an unknown pro- 
cess, calculated the mechanical 
equivalent of heat as 360 kilogram- 
metres, As in several other cases, 
so also in that of Sadi Carnot, the 
line of reasoning initiated by La- 
place, and brilliantly developed by 
his school, militated against the 
acceptance of the dynamical as 
opposed to the mateiial conception 
of the phenomena of heat ; and 
M, Bertin, in his “ Rapport sur le 
Progres de la Thermodynamique e« 
France” (‘Reoueil de Rapports,’ 
&c., p. 5) could write in 1867 : “II 
faut bien I’avouer, parceque c’est la 
verite ; nous sommes restes long- 
temps, je ne dis pas rebelles, mais 
efcrangers aux nouvelles id(^es ; elles 
nous sont restees trop longtemps 
inconnues, et encore aujourd’hui, 
on peut regretter qu’ellesn’occupent 
pas une jdace plus considerable dans 
notre enseignement scientifique,” 
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to another where it is lower. . . . 3'he production of 
moving force is therefore due in steum-engiiies, not to a 
real consmaption of caloric, but to a transference from a 
hot body to a cold body ” ^ 

If it is the object of physical science to describe the 
f)rocesses of nature completely and in tlie simplest 
language, we have here an instance of a description of 
a very general property in VQiy sim]de langiutge, and in 
terms winch reduce it to a moasurahlo quantity. With- 
out this, progress is impossible. It is not likely, liow- 
over, that Caimot saw the full signiiicatK'e of his simple it 
statement, how in it lie had introduced into ])ln>ir»al and 
mathematical science the great question of the avail- 
ability of the forceps of nature, as Mohr and Mayf‘r in 
Germany, and Faraday and (}r()V 0 in England, somewhat 
later, dwelt on the correlation or intercha-ngeabilily of 
those forces. The tavo ideas were separately developinl 
When they came together in one mind, when 3'homstm 
fully realised the imjiortarujo an<l meaning of both 
— as he umlouldodly did earlier Mian any fdlter 
natural plnlosoiilier — \m at (»nce esiahlislied the gn^it 
doctrine of the dissipation, also <ialled degradation or ik 

T » f. r, . . - ... TIimtHon in. 

depreciation, or energy. I5ut it required some mmlitt- tim 

^ * t , . hU'ii 

cation of Carnot’s etumciatiun cf this j^cnora! i[a'o|ierty 
before it conld be jmt into its modern form, This 
modiJieatiou was prciHiriiig itself iij (Jiirnot’s own mind, 
as his papers, postlimnuusly pnlilishod, inivo revealed 
to ua/'* Wliat rofj Hired to Ik; modified was the word 


^ Oarnpt, * X^uiBwiin’o 
ecL 187B, ri». arul <», 

Bib notqbook fitintaiiiCHl Hus ful- 
lowing entry PuiMHaaoc moiriced 


Oil. 187B, ]i. ilO) ; ** borKfju’une 
lio Hufin. pluH a I’explirrn" 
Him <U*ft elk doit Mn* 

aWjsdottttde. C\mt k* can oh ue 
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19 . 

'ouriei*. 


caloric. Carnot was brought up under the influence of 
the school that looked upon heat as an imponderable 
substance which might hide itself — might become latent 
— but could not be created or destroyed. This was 
the view of Black, of Laplace, of Fourier ; it was not the 
view of Cavendish, of Davy, of Eurnford. The views 
of the former were embodied in great treatises, and con- 
sistently worked out with much collateral extension of 
physical and mathematical knowledge ; the views of the 
latter were expressed in detached experiments and .in 
casual reflections. Fourier^ had just ( 1822 ) given to 
the world his epoch-making work, the ‘ Thdorie ana- 
lytique de la Chaleur,’ in which he had stated that “ the 
properties of heat form a special order of phenomena 
which are not to be exj)lained by principles of motion 
and equilibrium ; ” ^ and again, ‘‘ There exists a very 


trouye Thypoth^se par laquelle on 
considere le calorique comme une 
mati^re, comme un fluide subtil,” 
Again (p. 92) : “La chaleur est le rd- 
sultat d’un mouvement. Alors il est 
tout simple qu’elle puisse se produire 
par la consommation de puissance 
motrice et qu’elle puiase produire 
cette puissance. Tous les autres 
ph^nomfenes . . . pourraient s’expli- 
bypotbeae ^ ,raaie il 
serait difficile de dire pourquoi, dans 
ie developpement de la puissance 
motrice par la chaleur, un corps 
froid est necessaire, pourquoi, en 
consommant la chaleur d^un corps 
echauffd, on ne peut pas produire 
du mouveiuent. ” And (pp. 93 and 
94) : “ Lorsque I’on fait naltre de la 
puissance motrice, par le passage de 
la chaleur du corps A au corps B, la 
quantite de cette chaleur qui arrive 
B, cette quantite est-elle la 
m^me, quel que soit le corps em- 


ploye realiser la puissance motrice ? 
Y aurait-il moyen de consommer 
plus de chaleur k la production de 
la puissance motrice et d’en faire 
arriver moins au corps B ? Pourrait* 
on mdme la consommer tout entibre 
sans en faire arriver au corps B ''' 
Si cela 4tait possible, on pourrait 
cr^er de la puissance motrice sans 
consommation de combustible et 
par simple destruction de la chaleur 
des corps.” And (p, 94); “La 
chaleur n’est autre chose que la 
puissance motrice, ou plutdt que le 
mouvement qui a changb de forme. 
C’est un movement dans les par- 
ticules des corps.” 

^ On the tardy reception and 
recognition of Fourier’s work see 
vol, i. p. 241, note, of this work, 

2 ‘Thdorie analytique de la 
Chaleur,* 1822; ^ Discours prd- 
liminaire,’ p. iii. 
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extensive class <»f ]>heiioiaena which are not produceo 
by mechanical forces, lait which result sololy froui tlie 
presence and accumulation of heat. This part of natural 
philoS(jphy cannot ]>e broui^dit iimler dynamical theories, 
it has principles peculiar to itself, and is based up«)n 
a method similar to that of tlie other exar-.t sciences^ 
. . . The dilatations, indeed, caused by the repulsive^ 
force of heat, the observation of wliich dilatations sej'V(‘s 
as a lueasnre of tomperai.ure. are dyuiuiiical efiefas : hut 
it is not thes(‘ dilatations which we calculate wla^n W(* 
investig’ate the luAvs of the propagation of lieah” He 
proceeds to huihl up this now scieiuic* ‘"upon a vcua 
small numher of siuiple facts, of which the^ causes aic 
unknown, hut which arc gathered hy ohsorvatiun and 
conlirm(‘(l by ex]H‘riments,”*^ and lie thus arrives at 
certain gtnnnul relations, expressed in the form of e<p’a- 
tious, whi(;h a.re difforemt from, though analogous to, and 
not kiss rignrous tiiatj, the gtmeral equations of dynamics. 

One of the great expenmenial facts upon which Fourier 
])ascs his theory of the propagation (Lr., the CimdiKdaon 
ami ra<liation) of he*at is this, that all motion of heul 
dep<inds on dirihrences of temperature. He examines 
how diff(*,renc<*H of Umipenitiuv are etjualistvl uivJ de- 
duces the law (d the how of heat.J Although he docs 


^ FuiiHor, ‘ Tlicoric remlyiiqut*,' 
p. la I hill, p, no 

UmL, pp, xi, IS, 

^ 1 caiiiua ji) puini <mt 

how eU^gaut ly Prof. Mttoh huH truiih- 
UtM i«t<* tho language of comtium- 
senHe the whole }jroee»rt of Kourirr 
for csitahlii^hiug the funUamental 
equation of the theory. See hin 
‘ Principien tier Wurmelehro ' (help* 


! zig, IBm), pp. 78 , im 
I Every st-iuh^nt f>f j»hy^>tcs }^ht>nin 
j rcaU the chaptm*f^ referring to thi^ 
I Kuhjwt. llie mat hentaii^nt! for- 
; muljr will thuw hwumo living tt* 
him; hut ho will alno nee how 
iiecofcirtary the aUntrart matheinntleal 
ijxproHwion of oummou ‘HenHo con- 
t«"ptitm« ja in iU’clor to avutl fa!><e 
roai^aiung. 
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H]S influ- 
ence on 
Garnot, 


not find it necessary to enter upon any theory of the 
nature of heat, the analogy with the flow of water from 
higher to lower levels would naturally present itself. 
For his purpose this analogy had no importance. For 
the purposes of Sadi Carnot, who noticed that upon 
the difference of temperature depended not only the 
flow of heat, but also the work it might eventually 
do, the same analogy seemed all-important. “ We may,” 
]ie says, “justly compare the motive power of heat with 
that of a fall of water: both have a maximum wliich 
cannot be exceeded. The motive power of a fall of 
water depends upon its height and the quantity of the 
liquid ; the motive power of heat likewise depends on 
the quantity of caloric employed and on what we will 
take the liberty of calling the height of its drop — that 
is, the difference of temperature of the bodies between 
which the exchange of caloric has taken place.” ^ In 
this analogy two further assumptions seem to be im- 
plied : First, that the work capable of being done is in 
direct proportion to the difference of levels of height 
or of temperature ; secondly, that the quantities with 
which we operate, of water or of caloric, remain the 
-same,.- before and after the fall. Neither of these 
inferences is necessary ; neither is permissible. Carnot 
does not adopt the first inference,^ but he does adopt 
the second,^ though he significantly remarks that the 


^ ‘PuisBauce mobrice du feu,^ 
eel. 1878, x->- IS. 

- “Danfl la chute cl’eau, la puis- 
sance motrice est rigoureusement 
proper tionelle k la diffdrence de 
niveau entre le rdservoir supdrieur 
et le rdservoir mfdrieur. lOanw la 
chute du calorique, la puissance 


motrice augmente sans doute avec 
la riilFerence de temperature entre 
le corps chaud et le corps froid ; 
mais nous ignorons si elle esb 
proportionelle £i cette difference’* 
(ibid., p. 15 ; compare also pp, 
38, 39). 

® ‘ La production de la puissance 
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foundations on wlueli the theory of heat rests require 
cai'eful examination.’ Further thought evidently led 
him to doubt the correctness of the second assumption. 

It is the first i)omt to which Thomson, more than 
twenty years after, directs his attention. He conceives 
tlio idea of meastiring temperature by such a scale that 
for an e(|iial drop in the scale — ix,, by letting clown heat 
by an c<pial iinniber of degrees on the new scale — equal 
amounts of work shall lio doiie.^ Tlio speculations of Sadi 
Carnot remaiiujd unnoticed for a long time. Ten years 21. 
later Claj^oyrou'^ reverted to tlie subject, and put 
ieikictions of Carnot into gra})hical form and into mathe- 
matical language. He introduced the conception, based 
on (\*irnot’s tlumy, of the ratio of heat transferred from 
a higher to a, lower lovid of toiiiperatnro to the maxi- 
mum of work obtainable, — -a quantity independent of 
tlio .sul)stance employed, — and he called this fixed ratio 
Carnot’s fniKdion. It was through his ])aper that 


iu(}trif’<i . . dm . . . iiom it 

uuo tjouMninmatioji) n'ollo du <,*an 
uutirt h b<m tTun 

4‘fjrpK chaud Ji tui froid, 

u bou nUiddiMseioent d’l'qui- 

|». d), 

^ “ Au poui* lo dire 

pasr-HUt, 1<’H prinidpaux foncUinimitH 
«ur r<»|JOh<j ia throrio d(* 

la chaleur beHoin <k‘ i’ex- 

lo phis attenUt idusi^urH 
faiin dVxprrknut^ parainMCiW a pttu 
|>r*'h huixplicahlcrt <lanrtlV)tataotu<iI 
de ikdorie’* (ildd., p, 20, 

note). “La toi f«mdanieiit.ale que 
nouH avitmw eii vm . . . est aHHise 
Hur la iUiMirie de la ehakur teUe 
i|utm la cc>in;<)it aujourd’hui, et SI 
laut Tavouer, eetfce Lane ne noun 
parait pas d'une Huliditd 
iablo** (p. 00). Ah Htafced aWve 
{p* ns, aote), Caniot etna^dpated 


hinihcH’ frein the conventional or 
material view of the nature of 
lient. Hce the apjiemUx to ihe 
edithm (»f 1878. 

“ Her ‘ (1iindjndji;e Philt)Hoi»hieal 
Society iVoceodlnfjiH/ Juno 1848 ; 
reprinted i« Thonirion’rf (Lord Kel- 
vin', s; * aud Phyn. 

voi. i. p. lof). 

Benoit l^ierre Emile Olapeyron 
wart mi engiiu^er. In 1884 he pub- 
littherl, in the fourteenth eahier of 
the Lhnirmd do TKoole J^dytech- 
iihjue,* hiH Mermnre Hur la Puin- 
Hanee motrice de la (Jhaleur,” it 
waH through a tranHlatum of thin 
paper in * Tfiytt>r’H fcseieuthtc Mem- 
oh’H* that I'hoinHon heard about 
Carnot’H earlier work, and through 
a tmuHktion m Poggondorf h ‘ An- 
nate * (1848) that Helmholtz he- 
tsaino aotimdntecl with the Hubjeefc. 
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Perpetual 

motion 

impossible. 


Helmholtz in Germany, and Thomson in England, heard 
about Sadi Carnot himself. Sadi Carnot, so much earlier 
and so unlike Mayer, had nevertheless one point in 
common with him. This point seems to have given 
a common anchorage to all those thinkers who, in the 
course of a generation, gradually lifted the theory of heat 
and energy out of twilight into clear thought. Sadi 
Carnot, Mayer, Joule, Helmholtz, Thomson, all express 
or imply the same idea — viz., the impossibility of a 
perpetual motion.^ In one form or other this seems 


^ The conception of a “perpet- 
ual motion,” or, as it is termed 
abroad, of a “ perpetuum mobile,” 
and that of its impossibility, 
have been changed and more 
clearly defined in the course of 
the hundred years which followed 
the decision of the Paris Academy 
of Sciences in 1775 not to receive 
in future any scheme of perpetual 
motion. Into the same class of 
axiomatic impossibilities were also 
thrown the “ squaring of the 
circle ” and the “ trisection of the 
angle.” Helmholt25 (appendix to 
his Lecture on ‘ Die Wechselwirk- 
ung der Naturkrafte,’ 1853, dated 
1883) remarks that the proof of 
the impossibility did not then 
exist, and that the resolution was 
thsri^or@-4)assd- merely on the 
experience of past failures. The 
doctrine of Energy, the arithmet- 
ical discoveries of Gauss, and the 
elegant researches of Hermite and 
Lindemann, have thrown much 
light on these celebrated prob- 
lems. In the last chapter of 
this volume I shall revert to the 
two latter; as to the first, the 
“perpetual motion,” what follows 
may tend to clear the popular 
conceptions. Tait has correctly 
remarked that “ perpetual motion 
is simply a statement of Newton’s 


first law of Motion ” ( ‘ Recent 
Advances,’ 3rd ed., p. 74). He 
might have added that it took 
probably as much ingenuity on 
the part of Galileo to arrive at the 
principle of inertia — viz., that “ all 
motion is perijetual until force in- 
terferes to alter and modify it ” — as 
it took to formulate correctly the 
other principle that such a per- 
petual motion is of no use, because 
you cannot do any work with it, 
except by using it up or anni- 
hilating it. In the beginning of 
the nineteenth century the im- 
possibility of a mechanical device 
for the so-called perpetual motion 
was universally admitted, though 
— as Rosenberger (‘ Geschichfce der 
Physik,’ vol. lii. p. 229, note) 
remarks — this was not also ex- 
tended to physical processes, it 
being taught that the processes of 
nature represented a “perpetual 
cycle which uninterruptedly re- 
newed itself.” In fact, the truth 
was beginning to dawn that if 
motive power or energy could not 
be obtained out of nothing neither 
could it be destroyed. Carnot in 
1824, and Mayer in 1842, both take 
it as an axiom that power cannot 
be created ; Mohr in 1837, and 
Joule in 1843 and 1845, are equally 
convinced that power cannot be 
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to be an axiom willi them, but even this a]jparently 
simple article of faith in natural philosophy meant 
somethin, L; different to different thinkers according to 
the greater or less clearness of their physical concep- 
tions. Helmholtz, in his celebrated memoir of 1847, 
conceives all natural j)rocesses to be ultimately re- 
diu'ible t<-» purely mechanical processes, and in doing 
so he sees that a well-known law in mechanics, the 
conservation of the ris must Iiave a meaning for 

all natural forces. This he ]m)<tecds to develop. Others, 
lik(i Faraday, Jlohr, Orfwe, have a silent conviction that 
liosidcs ])ondfn*iihhj matter ther<i is some other r|uantity 
in nature whieJi is indestrue-tible and cannot l>e created, 
but only (‘kan.gtMl and transfciTed ; ihey frecpiently call it 
fnrfiis and thus entangle themselves or their readers in 


Uutl<*r tlu* 
of OctmUmIV, }>ljilo.so}i!iy 

iu 1S4J5 

(.^<‘0 ‘IMiil. 4 til worbs, vol. 

xxvii. }>. tS), In t’U*.!., (luring Oio 
fifth (ip(^nUe t.h(i ticutury thn 
concfpti^tnH of thu iinpowhi- 
)>i]ijy of crciU-inK |t»j\v<*r, its intift- 
htructihility, mid tho conv(*rti- 
bilH-y of (HlUiri'iit foniih, wt,*rc 
mon* and umrc dunrly onunoiatcd, 
Th<y woro at last expr(‘Ahud in 
the formula of thu “ iiouHarvalion 
of miorgy/* 1 1 xvah Thoiiif»f *n ( Lord 
Kdvin) who thru -« iu IH52 lirwi 
chniriyrt’coguiotid that. Urn old |<han» 
tom of a |i«‘rrutuul umt.ioii^ wuh 
turning uj» again in a now lorm, 
(Son hin Kf>.(ay on f,HKhi|)3ttion of 
Kuorgy ’’ iii tho M''oH nightly Uo- 
vmw/ Maroii 1HU2, roprintod in 
‘popular Lootur^M and Addf'f!HJs<i.s,* 
vol. ii. p. 452.) Kviu* hIuco Thoin- 
oou’h oh»ay of 1S52 jruituraliHtJ^ 
and philoHopherH may Lu naid in 
lie trying to fornndatu iu thn 
Himpleni tunuH the great primupk* 


of nature, that though energy i« 
nev(ir lont, it hecoinen — for our 
practical purponeh — uiiavailahle. 
Prof. OHtWfild IniK c.\)>re8Hed thib 
hy reviving tha toi'minology of 
tiio jierpoiual motion. “It is not 
generany rect^gidsiMl that the 
]irinciplo of perpetual motion haa 
two BidoH, On the mie hide , . . 
]n‘r|rtd.«al mution could be rcJihi'cd 
if oiMj cimld cnutle energy. , . . 
The exprcMion (d the imporisi- 
bility fd doing thiK ib the, fin^t hiw 
*H I'nit'rgcdicfi. ... A perpeUiul 
motion could, however, on tlu^ 
other hide b(j atlaimid if it wcie 
jMih^ble t» induce the hirgo .store 
of energy at fcst to enti'r int(» 
traiisformathniM. ♦ . , Thih might 
b(% tuniiiid a perpetual niotion 
(if the Ht‘c(tn<l kind/^ The 
bility of thsH (Mwald ternirf tlie 
Mocuiul principle of Euergcti(JM 
{ ■ Allgcmelrie tJhcnne,’ vol. ii. 
part 1, p. 472; cf. Helm 
* Eiicrgetik,* j>. 804). 
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that confusion which the indefinite use of the word had 
caused, especially among Continental writers. One of 
the first practical applications of this idea as referred 
to the motive power of heat in Carnot's sense was made 
23. hy William and James Thomson in 1849* They had 

Application 

ancUame? realised that lowering of temperature might 

Thomson. accompanied by the doing of work by heat, and 
that elevation of heat to a higher temperature meant 
expense of work. If, therefore, work could be done by 
heat without lowering the temperature, there was an 
apparent gain of motive power without corresponding 
expenditure. It was known that water at freezing 
temperature expanded in becoming ice: it was capable 
of doing work, frequently very destructive work, with- 
out a lowering of temperature. In order to convert 
water into ice of the same temperature, heat must be 
abstracted. Here, then, was a case of a possible trans- 
ference of heat without fall of temperature, and the 
creation or gain of great power to do work ; but, ac- 
cording to Carnot's principle, equality of temperature 
implied an absence of expenditure of work. So here 
was a case of gain without expenditure of power sim- 
ply by a transference of heat at freezing-point. James 
'IChbmson^ saw the Solution- of the i)aradox. If water 


^ The reasoiiihg of J ames Thom- 
son, based again upon the impossi- 
bility of a perpetual motion, is given 
in the following passage of his com- 
munication to the Royal Society of 
Edinburgh, dated January 2, 1849 
(reprinted in his brother, Lord Kel- 
vin’s, ‘Hath, and Phys. Papers," 
vol. i. p, 156); “Some time ago 
my brother, Prof. William Thomson, 
pointed out to me a curious conclu- 


sion to which he had been led by 
reasoning on principles similar to 
those developed by Carnot with ref- 
erence to the motive power of heat. 
It was that water at the fireeKing- 
point may be converted into ice by 
a process solely mechanical, and yet 
without the final expenditure of any 
mechanical work. This at first ap- 
peared to me to involve an impossi- 
bility, because water expands while 
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in ex})aiiding by freezing is made to do work, it over' 
comes pressure ; it has to freeze under pressure. The 
temperature of water freezing under pressure must be 
lower than that of water freezing under ordinary con- 
ditioiis.^ Knowing the mechanical duty of a degree of 
temperature and the work of the expansion of ice, he 
could calculate how much the freezing-point of water 
must be lowered by pressure. In 1850 his brother 
William Thomson verified this theoretical prediction by 
actual experiment.^ It is well known how Helmholtz 
in 18G5 made use of this theoretically predicted and 
practically verified phenomenon in his celebrated glacier 
theory.'^ Both James and William Thomson, when 
they drew the conclusions from Carnot’s theory, still 
ailhered to the doctrine of the entire conservation of 
hcat.'^ l>ut William Thomson, who was equally ac- 


fi eezing j and tlierefore it Beemed 
to ffdlow that if a (juantity I'f it 
were luercly end owed in a veHsel 
with a movable pintou and frozen, 
the motion of the piston conse- 
quont on the expansion being re- 
sisted by pressure, inecbanical work 
would be given out without any 
corresponding expenditure; or, in 
other words, a perpetual source of 
mechanical work, commonly called 
a perpetual motion, would he pos- 
sible. , . . To avoid the absurdity 
of .stq»poniiig that mechanical work 
could })c got out of nothing, it 
occurred to tn« that it is necessary 
f ur tl ler to c,t n icludc* that the f reezing- 
jM>int iKicomch Itiwcr as the presnure 
to which the water is subjected is 

^ The mechanical pressure pro- 
mot(3s '-as is generally the case with 
the altoniate action of diilbrent 
forces in nature — ‘SUch a change, 
viz., melting of ice, as Is favourable 


ttj the effect of its own action’' 
{Helmholtz, ‘ Vortrage uudlicden,' 
voL i. p. 217). 

^ ‘ Proceedings of the Koy Boc. 
of Edinburgh,’ January 1850, re- 
printed in * Math, and Fhys. Papons,’ 
vol. i. )>. 105. 

^ ITehnboltz, loc, uU, p. 215 
whore also the phenomenon dis- 
covered and called “ regelation of 
ice,” by Faraday, is similarly ex- 
plained. 

It is importfint to notice tins, 
as the formula with which we ai-e 
now familiar, that the raedmnica! 
work giiinod meant consumption of 
heat, was not avsiilable at that time, 
This iH Hignificantly pointed out by 
Helm ( * Kuergetik,’ p, 09). The 
reuHouing was ac(‘ordmgly more 
^Uificulfc and rednod, James Thom- 
H<ni, however, had at the time some 
mifjgivingB on the then prevalent 
view, and in a footnote ho refers 
to the ** posHibility of the absolute 
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24 . 

The two 
laws of 
thermo- 
dynamics 


quaintecl with Carnot’s ideas and with Joule’s work, 
increasingly felt the necessity of reconciling both views 
in one consistent view. So did Clausius independently 
at Zurich. The result was the doctrine of the con« 
servation of energy,” — not of heat, as Carnot had it, — 
and the embodiment of the two correct ideas contained 
independently in Carnot’s and Joule’s work in the two 
well-known laws of thermo-dynamics ^ — viz., the con- 
servation, equivalence, and convertibility of energy, as 


formation or destruction of heat as 
an eciuivalent for the destruction or 
formation of other agencies, such 
as mechanical work ” (‘ Math, and 
Phys. Papers’ vol. L p. 161, note). 
The acceptance of the doctrine of 
the convertibility of heat and 
mechanical work — implying the 
conservation of energy in place of 
the conservation of heat, as Carnot 
had it — seems to have taken place 
m Lord Kelvin’s mind immediately 
after his paper referred to above in 
conseciuence of a paper by Rankine 
On the Mechanical Action of 
Heat ” (Roy, Soc. Edinburgh, Feb. 
1850), as is shown by his letter to 
Joule, dated October 1850 {loc. at, 
vol. i. p. 170) He there refers also 
to a memoir by Clausius inPoggen- 
dorf’s ‘ Annalen ’ of April and May 
of the same year as adopting 
"Joule’s ^lorn instead of Carnot’s ” 
JiH'd., p. 173)."“^- ' 

^ The reconciliation of Joule’s 
dynamical theory of heat with Car* 
not’s doctrine, and the necessary 
modification of the latter, is con- 
tained in Lord Kelvin’s classical 
memoir, “ On the Dynamical 
T’heory of Heat,” in the ‘ Trans, of 
the Roy. Soc. of Edinburgh,’ March 
1851 (‘Math, and Phys, Papers,’ 
vol, i, p, 173 Bqq,) In the intro- 
duction, Davy, Mayer, Joule, and 
notably Liebig, ai'C mentioned as 
earlier supporters of the doctrine, 


of the convertibility of heat into 
mechanical effect, Rankine and 
Clausius as the latest contributois 
(p. 176). The first and celebrated 
enunciation of the second law by 
Thomson is given at the very be- 
ginning (p. 179), and in the setjuel 
the denial of it is shown to mean 
the possibility of a perpetual mo- 
tion. A little farther on Thomson 
refers to Clausius in the words : 
" The merit of first establishing the 
proposition upon correct principles 
is entirely due to Clausius, who 
published his demonstration of it 
in the month of May last year ” 
(1850). It has on the other side 
been admitted by Clausius (‘ Die 
mechanische Warmetheorio,’ Uie 
Aufl., 1876, vol. i. p. 358) that 
Thomson’s independent devolrtp- 
ment of the second law, though 
published later, is conducted from 
a more general point of view, 
whereas his own treatment was 
purely mathematical and confined 
to special cases. The most general 
and philosophical expression nf the 
new principle was given by Thom- 
son in his celebrated communication 
to the Royal Society of Edinburgh, 
April 19, 1852, "On a Universal 
Tendency in Nature to the Dissipa- 
tion of Mechanical Energy ” (re- 
printed in * Math, and Phys. 
Papers,’ vol i. p. 511), 
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expressed iii the first law, and the doctrine of the avail- 
ability of energy as expressed in the second law. It was 
Thomson who first clearly saw that the axiom of the 
impossibility of a perpetual motion would be infringed if 
the first law of thermo-dynamics — the indestructibility of 
energy — was accepted without the second. For practical 
use, for doing work, it is not sufiicient that energy be 
not lost ; it must be available — get-at-able. Energy may 
be 111 a condition in which it is useless — hidden away — 
and to bring it forth again may either be lV)r us iiij])Os- 
sible (if it be dissipated), or may require an expenditure 
of work — i e j of energy — to do so. The second law puts 
into mathematical language another very important and 
very striking property of the processes iii nature. Lot- 
us dwell on this a moment. 

The doctrine of the prosorvatiun of energy, of the 
equivalence of the different forms of energy, tended to 
put all the forms of energy on the same level. If they 
be convertible, they appear to be of the same value. 
If in doing work, energy was not consumed but only 
changed, it stood to reason that it might l»e changed 
back again, so that the work could bo done over again. 
In other words, if all processes arci purely meclnuiical 
processes — inodes of motion— a supposition which very 
early forced itself with more or less cloarness <m the 
pioneei's of the science of energy, tliey must be reversibkj : 
it must be possible to turn them round again, to undo 
what has been done, or to <lo what has been undone. 
Now the Gommon-sonse view of nature tells us at onct^ 
that this is impossilile ; hiit it does not seem to have 
struck the earlier pro])uun<lers of the doctrine of tin* 

VOL. n. 
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equivalence and correlation of forces, such as Faraday, 
Mohr, Mayer, Grove — not even Joule and Helmholtz — 
that if neither matter nor power is lost, the phenomena 
of loss and waste in nature and in human life remain 
unexplained. The only mind to whom this problem 
presented itself was Sadi Carnot, and it presented itself 
to him in an extreme form ; for he started with the 
idea that even heat itself in doing work was not lost 
or destroyed, but handed over from the hotter body 
(the boiler of the steam-engine) to the colder body (tlie 
condenser of the steam-engine). We now know that 
this view was not correct — that the whole heat is not 
handed over, but always only a portion of the heat. But, 
with this exaggerated view in his mind, he tried to explain 
the phenomena of loss and waste, and he conceived that 
the explanation lay in the lowering of the temperature. 

It would be difficult to say why” — though he had 
assumed it as an axiom that — ‘Mn the development of 
motive power by heat, a cold body should be necessary, 
why in consuming the heat of a heated body we cannot 
produce motion.” ^ Heat at high temperature is of more 
value for doing work than the same amount of heat at 


^ The words quoted are taken 
from one of the fragiueute published 
in the year 1878 by H. Carnot from 
the posthumous MS>S. of his brother, 
SacU Carnot. In this fragment he 
approaches the modern conception 
that heat is the result of motion : 
he Bees that all other phenomena 
can be explained by this hypothesis ; 
but he pauses after having stated 
the diihculty quoted above m the 
text, and reverts, Jifter some 
further queries, to the same diffi- 


culty in the words, Can one con- 
sume the heat entirely without 
letting any arrive at the body B 
[vh?., from body Aj ? If this were 
possible, one could create motive 
power without consumption of 
fuel, and simply by the destruction 
of the heat of bodies” (‘Puissance 
motrice, &c.,’ ed. 1878, pp. 92 and 
94), It is interesting to see how 
nearly these reflections approach to 
those made more than twenty years 
later by Thomson. 
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low temj)erature. By doing work, as aBo hj conduction, 
and radiation with absorption, this inecjuality of tempera- 
ture is spent, i,e., lost. Clausius and Thomson alone 
seem to have grasped the value of this conception. The 
difficulty was to jiut it into matheinatical language — 
into calculable terms. Each did this independently. 
Thomson, more than any other thinker, put the problem 
into common -sense language, brought the su1)ject liome 
to the practical reason ; at the same time ho put it into 
mathematical language, allowing tiie conceptions of waste ^ 
and of value and of availability (or nsefiilness) of energy 
to be scientifically — that is, jjieasurabl}’ — deiiiied. In 
1851 he put the axiom n])on which (Jarnots reasoning 
is liased (witliout knowing the words of Carnot rpioted 
above) into the following words : ^ It is impossible by 
means of inanimate material agency to derive mechanical 
effect from any portion of matter by cooling it l)elow 
the temperature of the coldest of the surrounding objects.^’ 
He saw at once, when adopting Joiile’s doctrine of the 
convertibility of heat and mechanical work, that, if all 
processes in the world be reduced to those of a ]jerfect 


^ The term '‘wasted/’ as distin- 
guished from “ annihilated,” in first 
introduced in Part I (jf the “ Dyn- 
amical Theory of Heat,” ISfil, p. 
189 of ‘ Math, and Phys. Papers/ 
vol. i. *, and in the following year, 
in a paper read before the Royal 
Society of Edinburgh on the 19Ui 
of April, entitled, “ On a Universal 
Tendency in Nature to the Dis- 
sipation of Mechaincal Energy,” 
the subject is brought home to the 
general understanding by a succes- 
sion of short theses referring to the 
dissipation and possible limited 


restoration t»f energy {‘I’apors/ 

vol. i. }), r*!!, . 

” ‘Math, and Phys, Papers,’ vol. 
i. pp. 179, r»ll. HelmholC« (‘Vor- 
triigo und Reden,’ vol. i, p. 411) saitl 
in 1851: “In any cane wcj must 
admire the acumeu of Thomson, 
who tMUild read between the letters 
of ti Uiatbomat ical eiiuation, for 
some time known, which 
only of heat, volume, and ]>rohH« 
ure of bodjcrt, conclu«ionH which 
threaten tlio universe, though in* 
deed only in infinite time, with 
eternal death.*’ 
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xiiechanisni, they will have this property of a perfect 
machine, namely, that it can work backward as well as 

25 . forward. It is against all reason and common-sense 

Snmmaiy 

S*TtSmsoii carry out this idea in its integrity and completeness. 

Keivm). “The essence of Joule’s discovery is the subjection of 
physical phenomena to dynamical law. If, then, the 
motion of every particle of matter in the universe were 
precisely reversed at any instant, the course of nature 
would he simply reversed for ever after. The bursting 
bubble of foam at the foot of a waterfall would reunite 
and descend into the water ; the thermal motions would 
reconeentrate their energy and throw the mass uj) the 
fall in drops, re-forming into a close column of asc', ending 
water. Heat which had been generated by the fricdion 
of solids and dissipated by conduction and radiation with 
absorption, would come again to tlie place of contact and 
throw the moving body back against the force to which 
it had previously yielded. Boulders would recover from 
the mud the materials required to rebuild them into 
their previous jagged forms, and would become re-united 
to the mountain -peak from which they had formerly 
broken away. And also, if the materialistic hypothesis 
^ iife were true, living creatures would grow liacikwards 
with consciouT knowledge of the future, but with no 
memory of the past, and would become again unborn. 
But the real phenomena of life infinitely transcend 
human science; and speculation regarding consequences 
of their imagined reversal is utterly unprofitable. Far 
otherwise, however, is it in res})ect to the re^m’sal of the 
motions of matter unintlueneed by life, a very elementary 
consideration of which leads to the full explanation of 
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the theory of Jissipiitiun of energy.” ^ Whilst Clansius 
ill Germany and Thomson in England were busy reconcil- 
ing the truths eontaiued in Carnot’s ohler researches \Yith 
the new conceptions firmly established by Joule’s classical 
measurements, putting both into mathematical and into 
popular language, cun-ecting our mathematical formuhe as 
well as our vocabulary, other cap])lieatioiis of the new 
ideas assisted in pi'ocuring for them general recognition 
and acceptance. Jhiukine^ in England, Zeuner in Ger- 


^ Lord Kelvin, in a paper read 
Ijefurc the Koyal Sriciety of Ediii- 
hurgh, 2 nd February 1874, on The 
Kinetic Theory of the Drshijiation 
of Energy ” ( ‘ i^roceedingis,’ vol. viii, 
p. 325 nf/q . ) See al^^o hiw article in 
the ‘ Eortnightly Kcvicw ’ for March 
1892, reprinted in ‘Popular Lcc» 
turcH and Addresses,’ vol. n. ]>. 
449 .s‘(/7. 

- I'he earliest formal ticatihC on 
thermo - dynamics was Macijuorn 
Puankine’s article on “The Mechani- 
cal Action of Heat” in NiclioVs 
‘ Oyclopmclia ’ for the year 1 Soo. 
The part he took in the develop- 
ment of the new science was prac- 
tical an<l at the same time highly 
speculative. His papers rin tem- 
perature and elasticity of steam 
and other vapours, on the expan- 
sion of licpiids by heat, and on 
the mechanical action of heat, of 
dates 1 849 and ] 850 (see ‘ Misccdlaii- 
eous vScientifio Papers,’ ed. Millar, 
1881, pp. 1, 16, 234), entitle him 
to be considered as one i>f the 
first — if not the first (see his claim 
to priority in a letter in i^»ggon- 
dorfs ‘Annalen,’ p, 81, 1850)— tf» 
reconcile Carnot’s discovery with 
the mechanical view. His investi- 
gations were peculiar, combining 
practical applications of great value 
and important predictitms (see 
Tait’s memoir prefaced to Itan- 
kine’s ‘ Papers,’ p. xxix) witli <lanng 


speculation ; his deductions being 
founded on his theory of molecular 
vortices. Though he exerted lu 
tiiis country a great niiluence on 
the early Woi kcM in thonno-dyn- 
amics, his theories were sc*arccly 
relished in tilennauy (see Helm- 
holtz’s critiiM.-ia (»f Uankino’s 
method.s in 1H53, quoted hy Helm, 
‘Energotik,’ p. Ill), whmc (’laus- 
ium’s independent and siinultanoous 
researches on the same subject liad 
meanwhile usurped atten tion. Rut 
Hankiiie’s * Manual of Applieil 
Mechanics’ (1857), his ‘Manual of 
the Hteam-engine and other Pri no 
Motors’ (1859), were the Hrst books 
of practical application in which, 
through a happy nonmnchiture 
and an extensive use of gra]>hical 
methods (Watt’s indicator diagram 
and Carnot’s cycle), the new ideas 
were introduced t.o,ii„wider chyle. 
Hee Helm’s estimate of Itankine’s 
work in * Energetik,’ p. 116 577 . 

•’ Somewhat lat(‘r than Hanldne 
in this country, Zouncr in Switzer- 
land and (Jerinany, following upon 
OlftUHius’.s thertr(‘tit‘al memoirs, in- 
troduced the mechatiicul treatment 
of practical I leat - problems. His 
‘ Hrundzugo der mechanischen 
Wurmc'theorie ’ (1860) was to many 
a revelation, Appearing about the 
time when the (Jernum mechanical 
and chemical induKt-rics were start- 
ing upon a new development, 


20 . 

R.'inkm«‘, 
i^iMinci', and 
liini. 
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many, and Him ^ in France, studied the most important 
of all machines then in use, the steam-engine, in the light 
of the new discoveries. It became possible to deHne 
clearly what was meant by the efficiency of an engine, 
and to distinguish between those losses of the energy of 
heat or temperature which were dependent on the use of 
steam as the working substance, and therefore inherent 
and unavoidable, and those losses which depended upon 
the mechanism and upon the carrying out of the process 
employed. The older teachings contained in treatises 
written before a knowledge, or even an idea, of the 


largely ba&ed upon the scientific 
training atibrded in the excellent 
chemical laboratories and poly- 
technic schools of Germany, it 
assisted in giving to Geiman in- 
dustrial enterprise that scientific 
character which was at first ridi- 
culed and has latterly been ex- 
tolled in unbounded measure, and 
which — combined with the organis- 
ing ability inherited from English 
ancestry — seems to be one of the 
distinctive features of the great 
industrial progress of America. 
First among writers on the Contin- 
ent Zeuner gave such a connected 
exposition of the principles de- 
veloped by Clausius, Thomson, and 
Hanldne-.-aS’-met the requirements 
of practical engineers ; attached to 
them applications referring to the 
steam-engine; criticised the views 
adopted % Watt and later writers, 
notably de Pambour, wdth reference 
to the behaviour of saturated va- 
pour in the steam-cylinder during 
expansion and compression ; and 
largely prepared the way for the 
great improvements in steam, air, 
and refrigerating engines which 
have been brought out on the Con- 
tinent by those trained in his 
school. Through Clausius, Zeuuer, 


and others, Dingler’s ‘ Poly- 
technic Journal’ became the 
organ by which the many discus- 
sions on the new mechanical theory, 
and notably the second law of ther- 
mo - dynamics, gradually forced 
themselves upon the attention of 
practical men. 

^ Equally important wore the 
labours of Adolph Him (1815-90). 
He was a self-made man who had 
grown up in the midst of the im- 
portant textile industry of Alsace. 
With a naturally inquiring dis- 
position he combined the scientific 
and artistic accomplishments for 
the manifestation of wltich the 
chemical and mechanical products 
of that country have Jung been 
renowned. He approached some 
of the great theoretical ]>roblems 
connected with piactical engin- 
eering, such as tliose of heat, 
steam, lubrication, and superheat- 
ing, by a long series of carefully 
planned experiments. A very in- 
teresting account by several authors 
is given in a publication by Faudel 
and Schwoerer (‘ G. A. Him, sa Vie, 
sa Famille, sen Travaux/ I^aris, 
1893). Him, like liankine, was 
not only an engineer, but also an 
artist, and a philosopher. 
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niechanical value and the availability of heat existed, 
had to be largely altered, and corrected notions laid 
down, frequently as a result of prolonged discussion.^ 
As an example, I may refer to the controversy between 
Him and Zeuner as to the cause of the great diserej)aney 
between the theoretical and practical figures referring to 
the work m the steam-cylinder, the so-called Water or 
Iron controversy." 

Ikit whilst it must be admitted that the corrected 
views regarding the nature of heat — the i)rcservatioii 


1 The be«t .lecouiit the prac- 
tical beariugH of the inechauieal 
theories of Runkine and ClauHiuH : 
U to be foun<l in Ib'of. Umvin'rf 
‘^Forrest Jjecturc,” cleliveietl 2ii(I 
May 1895, l)ef(»re the Institute of 
Civil Rngiiieerh, and published in ^ 
the ‘ l^lectriciau/ vol. xxxv. p. 4(1 
hijfj, and 77 sqr/. He there refers 
to the groat discrepancy between 
the “rational’^ and the “experi- 
mental” tlieories, and to Hinds 
experiments and practiced residts, 
notably with the “steam-jacket,” 
and his introduction of “.super- 
iieating ” in 18,56. “ Nt> doubt 

the rational theory altogether 
underrated the enormous facility 
of heat-exchange, which arises out 
of the contact between a conduct- 
ing cylinder-wall and a vapour in a 
condition of the greatest instability, 
and liable to condense or evaporate 
on the slightest change of thermal 
condition ” (p. 50). The several con- 
troversies through which ClausiuH 
defended and gradually elucidated 
the somewhat obscure statement 
which he gave of the so-called 
second law of thermo-dynamics may 
be studied with advantage in the 
2nd edition of his collected Memoirs 
(‘Hie mechanische Wannetheorie,* 
Braunschw’eig, vok i,, 1876), where 
his replie.s to criticisms of Holti?- 


niuim, Decher, Zeuner, Paukiiie, 
Wand, and Tail arc moht instruc- 
tive. A good accouni. is also given 
in Jkiynes’ft ‘Lesson.-! on Thenuo- 
dynaniicM,’ Oxfonl, 1878, p. 103 
« 77 - 

- hJee Prof. Uuwui, Ow cit,, p. 
7ih “ On tlio appe.naiieo of Jsliej'- 
winxrH rcbearohes in LS63, the dis- 
crepancy between the rational 
theory and the results of experi- 
ment were recognised by Rankiue 
and others. Rut the cuiiditioim of 
the steam - cylinder condensation 
are so complex that for a long time 
the more theoretical writers prac- 
tically ignored both Hirn’s and 
isherwood’s results, Zeuner per- 
haps had pushed tlie rational theory 
to the furthest limit of detail, and 
with the greatest insight into prac- 
tical conditions. Pmt it- p.ioi 
till 18S1 that he began to explicitly 
admit the lurgeue.s,s and importance 
of the coiiden.sing action of the 
cylinder. Zeuner then was disposed 
to attrilmtc initial condmiHation to 
the pre.sence of a permanent and 
not inconsiderable ma,-«.s of water in 
the clearance space of the engine. 
. . , In opening a diHcu-Hsion with 
Kirn in 1881, Zeuner wrote that 
if the prewenee of water in the 
clearance space %viiH t‘om*cdcd, the 
Alsatian calculations would Ixj 
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and waste (degradation) of energy, have hardly resulted 
in those practical achievements and improvements^ which 
in other departments of applied science, notably in 
chemistry and electricity, have followed upon new dis- 
coveries, the inlluence of these new conceptions on 
scientific thought and method themselves has been 
enormous. hText to the conceptions introduced by 
Darwin into the descriptive sciences, no scientific ideas 
have reacted so powerfully on general thought as the 
ideas of energy. A new vocabulary had to be created : 
the older text-books, even where they dealt with known 
subjects in perfectly correct ways, had to be rewritten ; 
well-known and a])proved theories had to be revised and 
restated in correcter terms, and problems wliicli had 
lain dormant for ages to be attacked hy newly in- 
vented methods. I propose in the rest of this cliapter 


greatly whakoD. . . . There thus 
arose a rather angry controversy 
which has been summed up in the 
question, * Is it water or irun ^ ’ 
1 do not know that this controversy 
has been as yet completely decided.” 
See also Ceabody, ‘ Thermo- 
dynamics of the Steam-Engine,’ 
4th ed,, New York, 1900, p. 301 
sqq. 

^ This explains how it comes 
abouj;. ^ tliiit theoretical thermo- 
dynamics is still regarded with 
suspicion, not to say aversion, by 
many engineers’ of the old school, 
whose knowledge is principally 
based upon experience derived from 
the steam-engine. The first theo- 
retical treatment of the steam- 
engine by Rankine in England, 
and Zeuner in Germany, exhib- 
ited such enormous discrepancies 
between theory and practice ; 
the simplifying assumptions which 
were introduced in order to make 


the behaviour of steam m the 
cylinder at all calculable were "o 
far "Wide of the mark, — that .i 
general consensus seems to pi’evail 
among tUct)retical engineers that- 
progress depends less upon an 
immediate application of thermo- 
dynamic principles, than upon a 
careful analysis — guided by theory 
— of elaborate tests upon the 
various types of engines now in 
use. Huch experiments are ac- 
cordingly — following the example 
of Him— being carried out in 
many scientific establishments in 
this country, on the Oontinent 
of Europe, and notably in the 
United States of Araenca, and arc 
elaborately recorded in many 
modern publications. Sec Pea- 
body, ^Thermo -dynamics of the 
Steam-Engine,’ 4th ed., preface, 
and chaps, xiii. and xiv, ; Ewing, 
*The Steam-Engine,’ 1894, p. 31. 
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to glance summarily at these revolutions in the domain 
of scientific thought which the physical view, by re- 
garding nature as the playground of the transformations 
of energy, has Ijrought about. What I have just in- 
dicated will suffice to bring some order into the account 
T propose to give. There are four distinct directions in 
which we have to look. Firdljj, there is the clearer 
definition of the new ideas laid down in the new vocah- 
nlary of scientific and popular language during the 
second half of the century, ^^erondh/, there is the 
revision and rei^asting of tlie wlnde body of physical 
and chemical knowledge in the light of the new insight 
which had been attained. TIiAnllji, theuj is the criticism 
of existing theories from the new points of view ; and 
ladljf, tiiere are the frcNsli departures which tliesc novel 
ideas have suggested. 

The first deliuite use of tlio now conceptions of power 
and work, and of a scale of luechanical value, were con- 
tained in the writings of Poneolct and 8adi Carnot in 
Franco during the first quarter of the century. The 
first philosophical generalisations wore given by Mohr 
and Mayer ; the first maUicinatical treatment was given 
by Helrnholt^s ; the lii'st satishictory experimental verifica- 
tion by Joule, during the second <iuarter of iiie centTii-yT 
The practical elaboration of tlie whole sysf^ern following 
upon Joule s and llegnault’s oxporinionhs belongs, through 
Thomson and Itankinc in this country, and through 
Clausius in Germany, to the third quarter of the ceiiUny. 
Students in our age onloi'ing on the stduly of mechanical, 
physical, chemical, and even jJiysiological processes, reap 
the benefit of these labours hy at once gra.spiiig the 


27 . 
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underlying unity and correspondence of all natural phe- 
nomena, inasmuch as they all depend on the trans- 
formation of a quantity, termed energy, which is in 
many cases measurable in its best-known form — ix., as 
energy of motion — and, where this is not possible, in 
the form of heat. 

Helmholtz had already, in 1847, summarily reviewed 
the whole field, beginning with a restatement of the 
fundamental formuhe of dynamics in the light of the 
new principjle, and ending with a reference to the trans- 
formation of energy in living vegetable and animal 
organisms. The key to his explanations is to be found 
in the introduction of a term to denote what becomes 
of energy if it ceases to exist as energy of motion or as 
a velocity, when it is changed to energy of mere position. 

28 To this end he introduces the idea of stress or tension. 

Helm- 

“fenision" conception is already contained in older books on 
mechanics as latent force (Carnot),^ and the purely 
mathematical treatment of dynamics by Lagrange and 
Hamilton had prepared the ground by showing how all 
dynamical problems could be reduced to the knowledge 
of two quantities, the vis viva and the force function, 

^ L. N. M. Carnot (1753-1823), gether with Monge, ouo of the 
termed the great Carnot, founders of modern geometry, of 
father of Sadi Carnot, member of tho - which more in a subsequent chapter. 
Directory, War Minister, and one He introduced the principle of the 
of the most celebrated generals of ‘ Correlation des Figures de G^o- 
France, has a name in science metrie* (Paris, 1801). His, boohs 

througli his ‘ Essai sur les Machines were translated in Germany, where 

en general ' (Dijon, 1784), h,is ‘Prin- they had a great influence. On his 

cipes fondamentaux de rEquilibre connection with the history of the 

et du Mouvement ’ (Paris, 1803), as conception of energy, see Bohn in 
well as through his ‘Bdflexions sur ‘Phil. Mag,,’ iv. 300, vol. xxix. ; 
la Metaphysique du Calcul infi- also ITelm, *Energetik,’ p, 13 ; and 
nit^simal’ (Paris, 1797) and his the Eloge by Arago of the year 
‘Th<5oriedes Transversales ’ (Paris, 1837. 

1806), by which he became, to- 
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The exposition of Holnilioltz, liowever, does not seem to 
have been understood or accepted. The general recog- 
nition of the relation of active and latent forces dates 
rather from Thomsons and Itankine’s writings in 1851 
and the following years. Thomson uses the term 
“mechanical energy'* (later, from 1851, intrinsic 
energy, or simply energy), and considers this quantity 
to be a measure of the store of power to do work 
which a material system possesses ; ^ and Eankinev 
early in 1S5P), introduces and defines tlie terms actual 
(or seiisil^lc) energy and potential (or latent) energy, 
wliicli are a,t once ailopted l)y Thomson in the place ami 
of the terms dynamical and statical energy, which lie orlersy. 


^ The iiiciuoir of Thoui.^on in 
which lit* introduccH the phyMoal 
conception of the (iuantity "<jnerii) 
in the place ut a merely maihenia- 
tical eymhol used hy Olau.siuh, and 
inaugurates the terminology of 
inoclern physic.-^, Is cemtained in 
the ‘Transactions af the Uoynl 
Society of Edinburgh,’ vol. xx., 
iNirt S (read December 15, 1S51, 
and icfirintod in ‘Math, and Phys. 
Papers/ vol, i, p. 222), as jin ap- 
pendix to the grout papiir “On the 
Dynamical Theory of Heat, with 
Numerical HefaultM deduced from 
Mr Joule’s Equivalent of a 1’hernnU 
Unit, and M. liegnault’a Obaervu- 
tions on Steam” (Trans. Kdiub. 
Soo,, March 1851 : reprinted in 
‘Phil. Mag.,’ 3852, and ‘Math, 
and Phys. Papers,' vol. i, p, 174 
sqq.; see eBjiGcially p. 18(5, note). 
The term energy hiwl indeed been 
used by Thomson already in ISPJ 
as a synonym for mechanical effect-, 
but he had not then accepteil 
the dynamical theory, lie merely 
puts the questhm in a footn<»te to 
his exposition of Carnot’s theory : 
“When thermal agency is , . , 


spout, what hec’oines f>f the 
incchunicjil ctlect which it might 
produce ? Nothing can he lost in 
the operatioim of nat ure — no energy 
can ho d(‘htroyed ” (* Papers,’ vol. i. 
p. 118, 1849). 

In a paper read before the 
PhiloiSff pineal Society of (51a.-»go\v, 
.lanuary 5, 18.515, reprinU‘d in 
‘ MLcellaneuUte Scientific Papers,’ 
tnl. Millar, p, 203 aqfj. Sec also 
itankiue’s note, dated ISdJ, in the 
28th vol. of the 4th series of the 
* Phil Mag.,’ p. 401. 

Hre tiie Proceedings of the 
UhiHgow Philos. Hoc., January 
1853, reprinted with addltijijig*. 
from Ni<*hor.M • Cycltjpu'dia’ (1800) 
in ‘ Math, and Phys. Papers,’ vol. 

i. p, 521. In thin paper Thomson 
also intixsluces tins term “ electrical 
capacity” of a conductor. Thom- 
KiU suhsiniuently introduced the 
word ‘ ‘ kinetic ” in placi* of “actual ” 
energy. See also Thomsou’H Lec- 
ture before the loyal institution, 
l^’ftbruary 29, 1856, reprinted in 
‘ Math, and Phys. Papers,’ vol h. p. 
182, and ‘Piqmlar Lectures,’ vol 

ii. p. 418, especially the note bi }>. 
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had employed before. How little these ideas, which 
have now been introduced into elementary text-books 
as the very alphabet of physical knowledge, commended 
themselves in that age, except to a few intellects that 
had been occupied for many years trying to fix precise 
terms which should be cajpable of mathematical defini- 
tion, and at the same time correspond to common-sense 
experience, is evident, inter mnlta alia, from the criti- 
cism by Sir John Herschel in 1860 .^ Here it is 
maintained that the use of the term potential energy 


is unfortunate, inasmuch 

425. A very couiplete and careful 
liLstorical account of the gradual 
invention and cryfetallisation of the 
vocahulary of the energy concep- 
tion ih given hy Helm, ‘ Die Lehre 
von der Euergie,’ Leipzig, 1887, p. 
3t) i^qq. 

^ The pass.age quoted a])pears in 
an ai tide “On the ( )i igiii of Force,” 
by Sir Jolin Hersdiel, in the first 
volume of the ‘ Fortnightly Ue- 
view,’ lSt55, p. 439. The article ia 
well worth reading for those who 
wish to realise tlic enormous benefit 
which has been rendered to science 
by banishing the indefinite use oi 
the word force and by introducing 
the term energy, restricting the use 
of force to the meaning attached to 
it by Newton. Sir John Herschel 
'-StjlUspgaiJks. oithe conservation of 
force” (as did likewise Helmholtstr' 
who, however, very early introduces 
the term Arheitshraft, power to do 
work, thus removing all ambiguity). 
Eankiue replied to Herschers criti- 
cism in a paper read before the 
Glasgow Philosophical Society, 23rd 
January 1867 (reprinted in *Mis- 
cell. Scient. Papers/ p. 229 nqq,) 
He there states that the quantity 
itself occui's as a mathematical sym- 
bol in Newton’s ‘Principia* (prop. 
39), but till recently bad received 


as it goes to substitute a 

no appropriate name. He closes his 
remarks by the still more impoi t- 
ant reflection • ” One <if the chiet 
objects of mathoinatical physics is 
to ascertain, by the help of experi- 
ment and observation, wliat phy- 
sical quantities or functions are 
‘ conserved.’ ” As such he enum- 
erates mass, resultant momentum, 
resultant angular momentum, 
total energy, thermo-dynamic func- 
tion. Whilst this physical problem 
was being defined by Uankine, 
Cayley, Sylvester, and Hermite 
were w'orking at the corresponding 
]>rohiem in pure mathematics to 
decide what properties or quanti- 
ties remain unaltered in- 

variant), if fui arrangement nf 
several algebraical symbols m sub- 
jected to algebraical operations. 
It is the modeiai doctrine of “ in- 
variants,” This doctrine has led to 
an enormous extension and simpli- 
fication of the theory of mathema- 
tical forms or (qualities, ft is the 
key to all mathematical tactics, and 
prepares a useful iusirument for 
the application of mathernaticN to 
physical problems. See Major Mac- 
Mahoi/s Address to the Mathema- 
tical Section of the PritiHU Associa- 
tion, Glasgow, 1891, ' 
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tnnsm for a great dyiiamical fact”, an admission 
^Yluch would mean that it hriiigs cornmoii-sense and 
precise mathematical expression into close proximity 
and harmony, or describes a very general phenomenon 
completely and in the simplest way. 

In order to become generally recognised as the 
simple alphabet of scientific language, the new ideas 
had to be made the fonndiition of tlie whole structure 
of physical and chemical knowledge, theoretical as well 
as experimental : the elenuuits and axioms had to ho 
restated so as at once to express the new view' and to 
open out the enlarged aspect which hail been prepared. 

The different departments of mochani<‘.s, physics, and 
chemistry had to be elaborated and co-ordinated ac- 
cording to a uniform design. Helmholtz had indeed, 
as early as 1847, roughly sketched the plan of the 
work, but occupied as he was during the twenty fol- 
lowing years mainly with an(»thor mucli-noglected field, 
the analysis of the phenomena of Honsatiou, ha did not 
return to his original tliesis till many years later, when 
he made an application of fumlamontal im})ortauce. 

Meanwhile the important task at relnnlding the edifice 
of the physical sciences, and (jstablislung on a large scale 
that which I term the physical view ot mtur^ fell 
almost exclusively into the hands of what \xa may call 
the Scotch school of natural philosophy- -Januis and,, m 
William Thomson, Macquorn K*ankine, dames Cfiork 
Maxwell, 1\ G. Tait, and Ilalfour Stewart, in tfiis country ; 
whilst Clausius abroad worbsl almost alont^. lijmkine 
and James Thomson very early (IHofi) conceived the 
idea of a general Hcicmce (;ulle<l “ liuergnticH ” av the 
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abstract theory of physical phenomena in general.” ^ 
It is only in our clay, after the lapse of a cjiiarter of 
a ‘century, that these ideas have been taken up Ijy 
others, and that the plan begins to be realised. The 
reasons why at the time it was abandoned were 
manifold. 

To begin with, it was soon found, notably by Joule, 
Helmholtz, and William Thomson, that the new prin- 
ciple of the conservation of energy, if applied to various 
other phenomena outside of the narrower field of ther- 
motics, led to a co - ordination and comprehension of 
them which was then quite unexpected : opening out 
new aspects, disclosing unknown properties, and sug- 
gesting innumerable experiments. As instances 1 may 
refer to the thermo-elastic and thermo-electric pheno- 
mena of bodies, which very early occupied the atten- 
tion of the founders of the theory of energy. The 
discharge of the Leydon-jar, the generation of electric 
currents in the voltaic cell, the heat of electrolysis, 
the actions of permanent magnets and those between 


^ In a paper read before the 
Philosophical Society of Glasgow, 
May 1855, entitled “Outlines of 
the Science of Energetics,” and re- 
“q^rxiitedilr ^iVEiscedlaneous Papers, 
ed. Millar, p. 209 aqq. See 
above definition p. 228. James 
Thomson’s contribution is to be 
found in a paper on “ Crystalliza- 
tion and Liquefaction,” read before 
the Boyal Society, December 5, 
1861, in which lie establishes and 
■gives examples of the application 
•of “a general physico-mechanical 
principle or axiom,” which indi- 
-oates when a “ substance or system 
will pass into the changed state.” 
As Helm says, it is a first attempt 


to find a general rule for the trans- 
formation of energy (‘ Lehre \un 
der Energie,’ 1887, p. 63)*^ That 
such a general rule can in the 
present state of our knowledge 
be established on purely energetic 
pi'inciples is upheld by some((^.st- 
wald, Helm) and disputed by 
others (see especially Planck, 
‘Thermodynamik,’ 1897, p. 71 
Bqq.)y who state their conviction 
that the “energy-principle clearly 
does not suffice for the definition 
of natural processes.” The whole 
discussion merges into a philos- 
ophical question, of which more 
later on, 



ON THE PHYSICAL VIEW UF NATURE. 143 


electric currents and mugnets, the plienomeiia of dia- 
magnetism, Ampere's tlieory and Weber’s basis of 
electric measurement, Seel>eck’s production of electric 
currents by heating in a non-homogeneous conductor, 
the remarkable pljenomena known by the name of 
Peltier, the electro-dynamic properties of metals, the 
thermo-elastic properties of matter, were all studied 
in the light of the ]U‘W princi])le, the conservation 
and transformation of energy. Another very im]>ort- 
ant problem presented itself, viz., the introduction of 
the new ideas into the liiglier (alueational literature, 
the re-writing of the text-ljooks of science on the 
basis of the juinciple of energy, and es})e(;ially the 
development of the fuiidarnental notions in mechanics 
in conformity with the more modern vitiws. Here, 
then, it liecamc evident that the ])hyHical view of 
natural phenomena, according to winch they are all 
instances of the transformation of energy, could be 
considered and expounded as a further development of 
the laws of motion as laid down in Newton’s 'Prin- 
cipia.’ It was especially the third law of motion, in 
which Newton stated the equality of acjtion and re- 
action, that lent itself to such an interpretation as 
would at once lead to the wider grasp'‘"'‘au(t*^?^pci’ 
insight into natural processes which the principle of 
energy afforded. Accordingly about the year 1860, 
when the new ideas on energy laid, in the minds of 
the great pioneers, acquired that importance which 
has enabled them to become the basis of a more 
and more comprehensive view — the physical view— of 
natural phenomena, the necessity was experienced of 
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bringing them into harmony and coniinuity with the 
older ISTewtonian ideas. These had been only imper- 
fectly transmitted by the many commentaries and text- 
books of the Cambridge school. The same was the 
case in the system of Lagrange, in which the whole 
of mechanics had been reduced to a mathematical ex- 
pression, the physical and experimental foundations 
being pushed aside. The ‘ Principia ’ of Newton was 
again studied, and re-edited in the unabridged form, 
and an interpretation and amplification of the third 
law of Motion — so as to embrace the principle of 
energy — was made the key to the science of dyn- 
amics. Dynamics was not taught after but before 
statics. Statics was treated as a special case of the 
theory of motion. To make the new position still 
more marked, it was proposed to make the term 
dynamics the general term which embraces kinetics 
and statics as subdivisions, and to reserve the word 
mechanics for the science of machines. The change 
which then took place in the didactic methods can 
be seen by comparing the first and second editions of 
the well-known treatise by Tait and Steele on ' The 
^Dynamics of a Particle.’ The real competidium of the 
new doctrine is the treatise on Natural Philosophy by 
ai. Thomson and Tait, which has probably done more than 
ana Tait. any other book in this country to lead the mathe- 
matical studies at the foremost universities and colleges 
into paths more usefcil for physical and experimental 
research. The greatest exponent of the new ideas was 
Janies Clerk Maxwell, to whom is also due the merit 
of having applied them for the purpose of testing and 



ON THE PHYSICAL VIEW OF NATURE. 


145 


confirming the worth of the treasure which lay hidden 
in the experimental researches of Faraday. Next to the 
handbook of Thomson and Tail, no writings proLablj' 
have done more — especially outside of England, on the 
Continent and in America — than those of Maxwell to 
revolutionise the teaching of natural philosophy. 

I must now revert to what I said in the last chap- 
ter regarding Maxwell’s attem^Dt to put the ideas of 
Faraday on the communication of electric and magnetic 
phenomena through space into mathematical language — 
into measurable terms. I there related how Max- 
well’s earliest treatment of the sidgecl was an attempt 
to construct a mechanical model of the dielectric that 
would be capable of exhibiting and transmitting the pio- 
perties of stress — i.c., of tension and pressure — which 
the experimental researches of Faraday had ]>artly de- 
monstrated and partly suggested. In the sequel, as 
was said, he desisted from this attempt, which lias 
since been taken up and further elaborated ]»y others, 
and resorted to a different train of reasoning. This 
line had been suggested by the introduction of the 
doctrine of energy into all physical research. As the 
work of scientific chemists was for a long time ex- 
clusively governed by the application of the jtrincipie 
of the constancy of weight or conservation of matter, 
so, when once the mathematical expression of the 
various forms of energy had been correcjtly estahlished, 
it became possible to arrive at a multitude of relations 
of physical quantities merely hy ap)>lying the i)rinci])lo 
of the constancy of the quantity of energy. In this 
w’-ay the principle of energy is a kind of regulative 
VOL. n. K 
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principle, one which allows us to deal with the grand 
total or outcome — mathematically called the integral — 
of physical processes and changes without necessarily 
possessing a detailed knowledge of the minute elements 
or factors — mathematically called difierentials — out of 
which they are compounded. Inasmuch as what we 
actually observe are always integral effects — sum- 
mations or aggregates of gi*eat numbers of individual 
and unobservable processes — this line of reasoning is 
not infrequently very useful, and has been in many 
cases applied to arrive at important conclusions. In 
fact, it is the analogue in science of the method accord- 
ing to which practical men very often succeed in carrying 
on extensive business transactions, of which they possess 
a merely external though accurate knowledge ; or of the 
balance-sheet of an industrial undertaking which exhibits 
and guarantees the correct result, though only the profit 
and loss account and the ledgers would show how this 
result has been arrived at. 

Faraday had taught us how to look upon any given 
portion of space in which electric, magnetic, chemical, 
and thermal changes were going on as a connected system, 
which he termed the electro-magnetic field. He and 
btfes— notably Oersted, Ohm, Weber, Lenz, and Joule 
— had shown how the different occurrences in such a 
system could be reduced to a common measure, and how 
they were observably connected. Maxwell brought all 
these phenomena together under the term ‘'energy of 
the electro-imignetic field,” and set himself to study the 
possible forms and changes of this quantity under the 
law of tlie (ionservation of energy — i.a, as the preser- 
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vation of the sum-total of the energy. This energy 
could exist as motion (actual or kinetic energy), being 
either motion of electricity as in the current controlled 
by the law of Ohm, or motion of ponderable masses, such 
as magnets or electric conductors ; or it might be dis- 
sipated energy — i,e., energy apparently lost in the form 
of heat — controlled by the law of Joule, or, to complete 
the summation, it might be stored-up energy — potential 
energy. Faraday's researches had suggested where this 
store was : it was in the surrounding space, which must 
be considered as capable of being strained or put into a 
condition of stress, as elastic bodies are capable of being 
strained. Thomson and Tait had shortly before shown 
how to submit the properties of elastic systems to cal- 
culation in the most general mannei’, by studying the 
modes in which energy, actual and potential, was dis- 
tributed in them, whether at rest or in motion. The 
way seemed then paved for Maxwell to consider with the 
greatest generality the properties of the electro-magnetic 
field, reducing them all to mechanical measures. This he 
did by introducing the generalised conception of a dis- 
placement or strain which exists in the field, and which 
is communicated as a periodic or vibratory motion with 
a velocity dependent on the properties or so-called eoii-’ 
stants of the medium. It is known how he succeeded in 
identifying very completely all the various experimentally 
ascertained electric and magnetic phenomena, fixing their 
nature and quantities in conformity witl) experience, 
and arriving finally at the suggestion that the velocity of 
the transmission of the electro-magnetic displacement in 
air must be the same as that of light, the latter being, 
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HI fact, an electro-magnetic disturbance of very short 
wave length. I also mentioned above how this sug- 
gestion received a brilliant confirmation from Hertz when 
he succeeded in exhibiting electro-magnetic waves, which 
in travelling through space, though not luminous, showed 
all the properties peculiar to light waves, such as re- 
flexion, refraction, polarisation, & q . 

Whilst in this country, during the period from 1850 
to 1870, the Scotch school of natural philosophy was 
thus occupied in rebuilding the whole edifice of physical 
science on the new basis afforded by the energy ideas, 
Clausius in Germany worked at tlie further elaboration 
of the dynamical theory of heat, and, as I stated above, 
at the kinetic tlioorj' of gases, without abandoning the 
astronomical view of natural phenomena, which, with its 
su])poHition of forces acting at a distance, still almost 
exclusively governed theoretical physics and chemistry 
abroad. No one did more to emphasise the difference 
between this and Faraday’s views than Clerk Maxwell, 
who had welded the latter into a consistent scheme by 
means of the conception of energy. About the year 
1870 Helmholtz again appeared as a leader of scien- 
tific thought in this domain, and jdaced himself at 
-uf -a^jnovement which by degrees almost 
completely swept away the older ideas. It was by him 
or at his suggestion that many of the more modern 
English works of science were translated^ and intro- 


‘ Notably Tliomsou and Tati’s 
‘Natural Philosojjliy,’ ainl weveral 
of Tyiidairs well - known more 
popular works on ‘Sound,’ ‘Heat,’ 
anil ‘ Fnigrnenta of Sciouce. ’ Helm- 
holtz way also one of the lirst 


natural philosophers of eminent 
rank abroad who broke with the 
older habit of exclusiveness w^hich 
clung to academic teachers in Ger* 
many, and who followed the English 
e.Kample set by the “Addresses” of 
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diiced 111 Germany, and that especially the ideas of 
Faraday and Maxwell were popularised, expounded, and 
submitted to elaborate tests. These culminated in the 
brilliant discoveries of llert^ already referred to. 

As in his earlier researches into the connection of the 
phenomena of heat and mechanical work, so in these 
later ones concerning the electro-dynamic laws, Helm- 
holtz seems to have approached his subject primarily in 
the interest of physiological ^ science. At that time 


tlie British Association and the still 
older “Lectures” of the Royal 
Institution. Before ins time there 
weie 011 I 3 ’ rare instances — iiotaVdy 
tlujse of Be^wel, Licbig, and Hum- 
boldt— wheie scientific thmheis of 
thefiist rank condescended to influ- 
ence general (jpinion and polite 
literature ])y stepping down from 
the university ch.air into the aiena 
of a populai audience No other 
German scientific thinker has left 
a collection equal to Helmholtsi’s 
‘Vortriige und Reden,’ not even 
Bessel, whose ‘ Popuktre Vorlesun- 
gen fiber wissenschaftliche Gegon- 
stande ’ (cd. Schumacher, Hamburg, 
1848) are too little known. Du 
Bois-Reyinond’s ‘ Reden ’ are a mine 
of information on the history of 
science, and von Baer’s * Reden’ 
(Braunschweig, 1886) contain some 
excellent and original discourses, 

^ Emil du Bois - Reymond, in 
many passages of his remarkable 
addre.sses, and latterly in his ap- 
preciative Kloge of HehnholtK 
(Leipzig, 1897), has preserved the 
historical data for a genetic history 
of Helmholtz’s electrical researches, 
which, beginning in ISol, and cuL 
minating in Hertz’s brilliant ex- 
periments on the “rays of electric 
energy ” in 1888, completely 
changed the aspect of elcctricjll 
science in Germany and to a less 
degree in Prance. The older view, 


based upon a mathematical develop- 
ment of tlie lumlaiuontal concep- 
tion of Ampere and mainly 
ciated with the brilliant name of 
Wilhelm Weber, whose veiy ex- 
tensive and accurate measure- 
ments largely siqiplied tlic materia) 
for the modern thcoiy, is prac- 
tically unknown to electricians in 
this country. No English text-book 
contains even a reference to a view 
which was once dominant abroad, 
and which for this reason forms 
a very interesting episode in the 
history of thouglit. In the fourth 
chapter T have referred to this 
view as, be.side the theory of Bos- 
covich, jiresenting one of the most 
reinarkable applications of the as- 
tronomical view of nature, which 
originated in this country but was 
mainly cultivated by the French 
school, I must now hrieOy refer* 
to the counter-mf.vement, which 
XU Germany is mainly identified 
with the name of Helmholtz. He 
may be said to have left the mai'k 
of his genius on the scientific 
history of his country as Lord 
Kelvin has done on that of Eng- 
land. His collected papei’s show us 
— and du Bois-Ueymond tells us — 
how HehnholtzAs interest in elect- 
rical problems was connected with 
the remarkidile phenomena of ani- 
mal electricity, to the exploration 
of which the former devoted his 


S4. 

Ifelniholtz 
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there existed three different theories which aimed at 
finding a general formula or law that should embrace 
all known electro-dynamic phenomena. The two earlier 
ones were propounded independently and about the same 


life. Du Bois-Key monel was a pupil 
of Johannes Muller. One of the 
merits of Muller’s school was to 
have made the discoveries of phy- 
sics useful for physiology and medi- 
cine as the school of Liebig made 
those of chemistry. Helmholtz 
was trained in the school of Muller, 
but lie also came largely under 
the influence of Franz Neumann 
of Konigsberg, the great teacher of 
mathematical physics, and of Gauss 
and Weber, the originators in Ger- 
many of the system of absolute 
measurements. It is known that 
the interest in electrical phenomena 
received a great impetus through 
Galvani’s and Volta’s discoveries. 
But as du Bois-Beymond (‘Reden,’ 
vol. ii. p. 389) tells us, the galvanic 
pile constructed by Volta withdrew 
attention from the phenomena of 
animal electricity to the much 
more powerful actions of artificial 
arrangements of metals and solu- 
tions, The study of animal electric- 
ity w^as for a time continued only by 
Italian professors, and beyond tbe 
seas by Alexander von Humboldt 
in his observations on the torpedo ; 
and had to wait till the school 
of Muller, and notably du Bois- 
Beymondv approached the subject 
methodically with the methods 
and ideas of modern science. Tins 
was in the fifth decade of the 
century. Modern science in Ger- 
many had, however, studied the 
properties of the galvanic current 
exhaustively only in linear (one 
dimensional) and in closed circuits 
or conductors. The phenomena of 
nervous and muscular electric cur- 
rents demanded the study of sud- 
den and repeated electrical impulses, 
and of the behaviour of currents 


in two and three dimensional con- 
ductors, and in unclosed conductors 
or circuits. Incited by du Bois- 
Reymond, Helmlioltz undertook to 
deduce from the formulio of 
Ampere, Neumann, and ^Yeber the 
action of electric currents in these 
modified conditions. It was then 
found that these fonuultc gave 
indefinite results and required to 
be modified or amplified. After 
many years of thought and research 
Helmholtz arrived at a generalisa- 
tion which comprehended all the 
different existing theories as sjiecial 
cases. He then — in addition to a 
masterly mathematical discussion 
— lietook himself to devise fej)e- 
cial experiments to decide which 
of the three possible expressions of 
the general formula came nearest 
the truth. A perusal of the me- 
moirs contained in the first volume 
of his ‘ WissenschaftUche Abhand- 
lungen’ (pp. 429-820) shows how 
by gradual and strictly logical steps 
he convinced himself of the in- 
trinsic correctness of Faiaday’s con- 
ception, which, in addition to the 
phenomena in linear conductors or 
wires, constantly took notice also of 
those of the surrounding medium 
or space — «,c., of the electro- 
magnetic field. Looking back from 
our present position on the develop- 
ment of the ideas concerning elec- 
tricity in motitin, we can say that 
Continental thinkers tried to gain 
a coi recter and more complete un- 
derstanding by a mathematical, 
English science by a physical, ex- 
tension of the then existing notions, 
Helmholtz in his Faraday Lecture 
(1881) showed how both courses, 
consistently pursued, lead to the 
same resxdt. 
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time by Franz N'euinann and Wilhelm Weber: the later 
one was the theory of Maxwell based upon the totally 
different view which was maintained and gradually 
unfolded in the experimental researches of Faraday. 
The two former looked to the effects of the action of 
electricity at measurable distances, and has been called 
the telescopic view ; the latter reduced these to the 
action which takes place in contiguous portions of matter 
or of sjiace, and has been called the microscopic view. 
Helmholtz first of all, by an independent line of reason- 
ing, brought the three mathematical foriuuhc in which 
these different views found expression under one 
inon formula, of which each ai>pears as a special C'use, 
and then proceeded by theory and exi)erimont to decide 
which of the three possible special forms is to be adopted. 
As a theoretical test he applied the ])rinciple of the 
conservation of energy in a manner in which it had 
at that time hardly been used by Continental thinkers. 
His reasoning, which was largely discussed and criti- 
cised by eminent jihilosophers, gave to this principle 
the prominence and importance which it has ever 
since maintained in all Continental treatises. It 
meant the introduction of the physical view of natural 
phenomena.^ 


^ In EngLuirl the publication of 
Thomson and Tait’s ‘Natural Phil- 
osophy* formed, as stated above 
(p. 144 ), an epoch in the teaching 
of the physical sciences, notably 
through the prominence given to 
the principle of the conservation 
of energy, A similar epoch was 
created in Germany, not so much 
by Helmholtss’s enunciation of the 
principle in 1847 as by the use he 


made of it, in one remarkable in- 
stance, in reviewing and criticising 
the existing and apparently cotdlict- 
iag theorieH. As T^avoirtier ixitro- 
duced the clnsruical balance —baaed 
upon the conhcrvatiou of matter — 
as a teat for the covrcctncss of chem- 
ical statements, so Helmholts:: used 
the principle of the conserx'ation of 
energy in two distinct forma, as a 
test of the valitHty of electrical 
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In the mean time this view had gained great support 
by the efforts of quite a different section of scientific 
workers, whose labours had opened out a new and 
promising field of research. The new field for a con- 
siderable period belonged almost as exclusively to foreign 
science as the energy-conception had for twenty years 
belonged to this country. Early and for the most 
part isolated labourers were Kopp and Hess in Germany, 
Eegiiault and Berthelot in France, Julius Tliomsen in 
Copenhagen.^ They (with many younger men) can be 


fetatementfe. These two forms were 
the impoisSi]»ility of a perpetual 
motion aiul the equality of action 
and leactiou. See his Faraday 
Lecture, 1831. Both in the posi- 
tions ot Thomson and Tait and of 
Helmholtz the principle ot energy 
i&, however, like Lavoisier’s prin- 
ciple, purely a regulative, not a 
constructive, principle of scientific 
research. It exerts a control and 
enables us to check the correctness 
of rchults. Both in chemistry and 
phy.sic.s other principles or methods 
are required for extending — not 
merely correcting™- our knowledge. 
Such principles are in the abstract 
sciences the formula of gravitation, 
thte atomic theory, the ether ; in the 
natural sciences the morphological 
and genetic theories. The whole 
-tlqimiin of pjiysics and chemistry 
has been reviewed for teaching pur- 
poses from this point of view by 
Hans Januschke, ‘ Das Trincip der 
Erhaltung der Energie,’ Leipzig, 
1897. See p, 14 sgej. 

^ Although the history of thought 
has more to do with theories than 
with the mere discovery of facts, 
and with the latter mainly when, 
as in exceptional instances, they 
change the scientific aspect of phe- 
iK)mena, 1 think it important to 
mention specially the great meiit 


of Victor llegnault’ia expeiiment.il 
research es, H o w’ m ucl i the pr ogr e - s 
of physical and chemical theoiy is 
indebted to his elaborate and ex- 
tremely accurate measurements of 
many physujal constants may be 
.seen by the perusal ol Lord 'Kel- 
vin’s early memoirs on the dynami- 
cal theory of heat. The sever.il 
(so-called) laws of Boyle, Dulong, 
and others were subjected by Iteg- 
nault to exhaustive tests \ the be- 
haviour of steam in the steam- 
engine formed a subject of 
elaborate investigation ; the proof 
that chlorine could be substituted 
for hydrogen in hydrocarbons sup- 
plied a prominent support to the 
chemical theories of Laurent. In 
general Eegnault’s work is a model 
of accuracy .supi>orted by great in- 
genuity in the construction of 
apparatus and tlie surmounting 
of difficulties. Like I debig, he was 
the master of many pupils who sub- 
sequently became eminent. Besides 
being professor of chemistry and 
phjjsics in Paris, Hegnault was 
actively connected with the cele- 
brated porcelain w'orks «)f Sevres. 
Similar remarks might he made 
with reference to the labours of 
Hermann Kopp, who ”was for many 
years probably the only professor 
of physical chemistry in Germany. 
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considered as tlie founders of the modern science of 
physical clieinistry, which has received an elaliorate ex- 
position in the greal work of Professor Ostwaid. This 
work is probably quite as epoch-making in the domain 
of chemistry as Thomson and Tail’s ‘ Natural Idnlosopliy ’ 
has been in that of physics. 

I liave already explained how in the development of 
chemistry the attention of its gieat representatives was 
almost entirely ahsorhed in gaining a knowledge of the 
dilieront sulislaiices with wliich they had to deal, and 
how through preoccujiation with the natural history of 
matter, its decomposition, analysis and synthesis, and 
appropriate classification, the other mort^ seientiiic tpies- 
tions regarding the pliysical agencies wliicdi were at 
work in chemical processes — constituting the fh^clrine 
of chemical allinity — were alimist cioiuplctely neglected. 
This I traced largely to the infiiienoo of that powerful 
instrument of exact research, the atomic vicAv, which 
had been introduced into chemical science through 
Lavoisier and Dalton.^ The pursuit of physical cheiu- 


^ II is not un unusual ftxiKfrienco 
tu fiinl that tin* cliange from one 
thonry fcn annthor, though an acl- 
vancft from dis])rovc(l to moro cor» 
rect viows, is also auc*omj)anic‘(l by 
some loss either in dehnitoness or 
in actual knowle^lge of facts. '’I’lie 
uudulatory t.hf*ory lost the defniito 
notion of a rectilinear ray of light, 
which wjiH only regained by pro- 
hmgftd and dillicult analysin ; th« 
cleciU’o-rna.t'ntitio tlieory of Maxwell 
1ms not as yet given a clear repro- 
Heidation (tf tin wo electrical charges 
which the older theory of ( hmlomb 
and Wehei' introduced in tlm form 
of stationary or moving electrical 
umssea. Buinething Miunlar hap- 


; penesl wlion the older phlogiston 
j theoi'y was dispelled by the atomic 
theory, ami all attention was con- 
centrated upon change f>f w'eight. 
The <dder theory maintained that 
W’hen a. metal is calcined it loses 
1 hoinething — viz., phh»giston ; the 
' new theory had proved that it gains 
1 something weight in the form 
' of combined (j.xygem More recent 
j knowledge has shown that both 
: theories are right. It gains weight 
and loses potential energy, or power 
' to do work — ii’nj to combine, giv- 
ing rise to molecular motion or 
heat. The phlogiston theory cmi- 
taiued the correct idea that besides 
matter there is something else--* 


35 . 

OsUvald’s 

pliyhKial 

cliemihtry. 
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istry, the consideration of chemical as related to other 
physical forces, such as gravitation, heat, or electricity, 
though it very greatly occupied the pioneers of cliemical 
science in the early years of the century, — notably 
Berthollet and Gay-Lussac in France, Dalton and Davy 
in England, Berzelius in Sweden, — fell gradually into 
popular disfavour, so much so that even Faraday’s 
electrolytic law had hardly any induence on the de- 
velopment of chemistry.^ This one-sided direction of 
chemical reasoning and observation was still further 
promoted by the great practical and technical results 
which followed from the atomic conception, the ease 
with which processes worked out in the laboratory 
could be imitated on a large scale in the factory and 
the workshop. It was the increased power over matter 
and its manifold transformations which followed im- 
mediately in the wake of atomic chemistry that 
gave it its interest, notably when through the study 
of the carbon compounds — incorrectly termed organic 
chemistry — new industries of undreamt-of magnitude 
and importance were created, and when through chemical 
knowledge the older methods of metallurgy were rapidly 
superseded. To the popular mind the result is always 
more interesting than the process of research or of 
reasoning which leads up to it; the possession of the 
product than the knowledge of the procedure. The 


vis5., energy. That the correct idea 
contained in the phlogistic concep- 
tion was not at once given up, but 
only gradually lost sight of, is seen 
from the fact that Lavoisier's first 
table of elements contained ‘ caloric * 
as one of the simple bodies. See 


Kopp, ‘ Entwickelung der Chemie/ 
p. 209. 

^ On the causes of this see Helm- 
lioltss’s Faraday Lecture OWissen- 
schaftliche Abhandhngen,’ vol. iii.) 
and Ostwald, ‘ Allgemeine Ohemie/ 
2nd ed., vol. ix. part 1, p. 580, 
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new substance witli staitling properties — be they useful 
or only curious and rare — has almost iimnediately a 
value, whereas the manifold transformations by which 
it was discovered, invented, or produced escape general 
notice, and are accordingly of secondary interest. This 
interest grows in proportion as another factor of equal 
commercial importance gradually and slowly asserts 
itself, namely, the factor of cost of i^roduction, the 
property through which not only the material itself, 
but also the labour ])eHtowed upon it, and the most 
intricate transmutations and secret manipulations, gain 
a place and definite figure in the ledger of the 
accountant. Tliose of us who entered into practical 
life about the beginning of the last generation of the 
century know well l^y experience how then for the first 
time was hoiug established the great system of statistics, 
of cost of production, which now governs every well- 
conducted industry and nmnufactoiy, though in general 
this department is still but little understood. Now, in 
proportion, as with progressing civilisation we come more 
and more to use artilieially prepared products in the 
place of natural ones, tlie cost-figures become more com- 
[Aox : there is not only the raw material and the labour 
of getting it, not only the general economy of arrange- 
ment and administration by which wo save labour and 
avoid waste — there is the whole aggregate of changes 
and processes, manual, mechanical, and chemical, through 
which the raw material has to pass. These must all 
have a common measure by which they possess a figure 
of value in the ledger of the book-keeper, otherwise 
the latter could not produce a statement of cost. Watt, 


30 . 

The factor 
of “cost ’ 
XU maustry 
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when supplanting manual labour on a large scale by the 
introduction of his perfected steam-engine, had suggested 
the term horse-power ” as the common measure of both ; 
and the French mathematicians, who treated mechanics 
with a view to practical application, had introduced the 
term “ work/' In the general industries, however, — 
outside of special branches, notably marine engineering, — 
these measures were very crudely applied ; they became 
unintelligible and meaningless where other agencies — 
notably those of chemistry and electricity — had to be 
emi)loyed. It is only since the terms power ” and 
‘‘ work ' have been enlarged and the more general (‘on- 
ception of energy introduced that it has become ]) 0 ssible 
to measure the new forces or agencies in terms applic- 
able to all alike. I^racdically as well as theoretically 
the system of measurement remained imperfect so long 
as the energy of chemical combination could not be 
measured in the same way as Watt measured the 
energy of heat, and as Joule and others taught us 
how to measure the energy of an electric current. The 
term “ energy '' has thus become as important a con- 
ception for practical as it has been long recognised to 
be for purely scientific purposes. If the only ];>ovv6r 
Vtj USG is manual labour or steam power, there exists 
a crude way of measuring both by the hands employed 
and the weight of coal burnt ; but electrical power is 
not so exclusively deijenclent on a personal or material 
item, and thus it can only be measured by a system in 
which the several items of cost are reduced to a common 
term. It is through the wholesale introductimx of tlie 
electric current as a practical agent that the thing called 
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'' energy has become a commercial commodity as it had 
before become a scientific measnre. 

That chemical leactions are connected with mechanical, 
gravitational, optical, calorie, and electric phenomena 
has been known for a long time. Each of these mani- 
festations has therefore been studied as affording a 
measure of the energy of cliemical reactions, and these 
have in turn been looked upon as results of attrac- 
tions, or of mass actions, or of thermal conditions, 
or of electrical ]>olaiities. We have thus mechanical, 
thermo - chemical, electro - chemical tlieories of allinity. 
Valuable discoveries and important suggestions have 
also been arrived at by these special researches; we 
lijive the laws of mass-action suggested hy ?>crthollet 
and revived in modern limes l^y Guldbcrg and Waage : 
tlie all-important elecdrolytic law of Earaday and the 
so-called third law of Bertheloi in thermo-chemistry; sv. 
further, the important researches of Kopn and Hess, andowt- 

^ wald, 

ISTone of these discoveries, however, seemed i-eally to 
gra,s]> the whole subject of chemical reaction, and ac- 
cordingly they remained for a long time unknown, or 
fell, after a short life, into oblivion and disrepute. It 
has been one of the greatest performances of the last 
twenty years of the century to have approached the 
all-im])ortant (luestion, What is chemical atFinity, and 
liow is it to lie measured ? in a eomprehensive spirit, 
and to have brought it to the verge of solution. The 
merit of having done tliis belongs the more incon- 
testably to Ih'of, Wilhelm Ostwald,"^ because no one 

^ OrttwalcVH principal work 1 Ohomie,’ of which the firnt. cdifchiii 
in the * Lelirbuch allgemeiuen { appeared in two volumeK (LeipyJg, 
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has taken such pains as he to gauge the value oE 
many single and isolated steps that had been taken 
before him, and to combine them all through his own 
researches into a comprehensive doctrine. The practi- 
cal importance of these labours — so long insufficiently 
understood — will doubtless in the near future be real- 
ised in proportion as the increasing competition of in- 
dustry shall emphasise the necessity of studying the 
economics of production : this economy consisting not only 
in the absence of waste of matter, but likewise in the 
saving of work — i.c,, in the absence of waste of energ}\^ 


1885-87) ; the second edition, of 
which the first volume appeared 
in 1891, IS in progress, and will 
comprise three volumes. It is 
divided into three parts : StocJuo- 
7netne, Ohemisohe Enerrjie, and Ver- 
Wiindtschaftslehre. Notliing can give 
a better idea of the enormous 
development of chemical science 
in the nineteenth century than a 
glance at those two monuments of 
learning and research, Beilstein’s 
‘ Organische Chemie ’ (Leipzig, 
1893-1900, 5 vols., 3rd ed.) and 
Ostwald’s * Allgemeine Chemie. ’ 
They form the basis for future 
development, as did Leopold 
Gmelin’s ‘ Handbuch der Chemie* 
for the greater part of tlie past 
century. The first edition of 
Omohn appeared in 1817. See 
Kopp’s * GeBchichte der Chemie’ 
(vol. ii. p. 100). Bince the publi- 
cation of his great text-book, Prof. 
Ostwald has done enormous ser- 
vice to science by the foundation 
jointly with Prof. van*t Hoff of the 
‘ Journal fiir physicalische Chemie,* 
in 1889, and stiU more by the open- 
ing of the first laboratory specially 
designed for physical chemistry, in 
Leipzig, in the year 1887. But 
porliaps the most original and 
suggestive work o Ostwald is 


hih woik on the scientilic founda- 
tions of Analytical Chemistry 
(Leipzig, 3rd ed., 1901. Transl. 
by G. M‘Gowan). 

^ How recent is the systematic 
tieatmont and general recognition 
of physical, theoretical, or general 
chemistry can be seen from the 
historical sketches which had been 
published prior to Ostwald’s great 
work. Kopp, in his excellent ac- 
count of the development of chem- 
istry, published in the Munich col- 
lection, and frequently referred to 
in the fifth chapter of this work 
(vol. i. pp. 382, &c.), has hardly any 
occasion to refer to physical chem- 
istry up to the year 1870. This 
is the more remarkable, aw Kopp 
himnelf was a solitary i«goui(jus 
worker in thiB isolated pr<jvince. 
A good account of his labours 
is contained in Thorpe’s * ISssays 
in Historical Chemistry,* 1894, 
p. ^ 299. A later and brilliant 
writer on the historical growth 
of chemical knowledge, Dr A. 
Ladenburg, in his ‘Vortrage liber 
die Entwicklungsgeschichle der 
Chemie’ (2nd ed., Braunschweig, 
1887), condenses all he has to say 
regarding' this subject into a 
few pages in his last lecture. H 
German science is destined to 
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The ideas through ^Yhich unity and coherence have 
been introduced into the many difierent trains of reason- 
ing which were bent upon unravelling the mysteries 
of chemical affinity came from an unexpected quarter 
— from the country which, in the early part of our 
century, had become, through Berzelius, the centre of 
a great school of chemical research. Prof. Ostwald, 
in his recent historical sketch of the doctrines of 
chemical affinity, dates the latest period from the year 
1886,^ wlien Svante Ariheniiis published his theory 
of the chemical solutions decomposed by the galvanic 
current, the so - called electrolytes. Tliat the reader 
may understand what importance belongs to this latest 
development of physical chemistry, T must go further 


hei'fielf in the wider 
sphere of general or physical 
chemistry as much as she has 
done in the past by the extreme 
and one -aided culture of organic 
or structural chemistry, it will he 
largely owing to the indueuce of 
the school of Ostwald and that 
of the industrial factor mentioned 
in tlie text, which nowadays em- 
phasises as much the economical 
control of chemical reactions as it 
did formerly the discovery and 
]*reparation of new compounds. 
The ultimate success in the in- 
dustrial preparation of artificial 
indigo, which was theoretically 
long known, is an example well 
worth careful attention. 

^ Prof. Ostwald had himself 
about the same time made an 
attenipt in the second volume of 
t-ho first edition of his great work 
to utiite the diajecta •nmnhru of 
physical chemistry, notably ot the 
theory of affinity, into a system- 
atic “whole. This first attempt 
may have contributed quite as 


much as the special labours of 
others, among whom he mentions 
specially Helmholtz, Van’t Hoff, 
Duhem, Planck, and Arrhenius, to 
create an era in chemistry. It may 
also be noted that, like every 
other important step in chem- 
istry, this latest theoretical phase 
is characterised by violent con- 
troversies. These became i:m>re 
pionounced as Prof. Ostwald intro- 
duced into the second edition of 
his work the idea of “ energetics " 
as a general and sufficient basis ff)r 
the whole of physics and chem- 
istry; makine: a very emphatic 
protestr against the older physical 
theories, ba.'-ed upon attractions, 
atomism, or kinetics, which he 
stigmatises as mechanical. On 
this important controversy J shall 
have to report at the end of 
the present chapter, where I shall 
also give the full literature of the 
subject. In the meantime, see 
also Ostwald, 'Allgemoine Chemie,^ 
vol, ii. jmrt I, preface, and part 2, 
p. 182 aqfi. 
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back in the history of the subject and draw attention 
to the gradual change which the nineteenth century 
has brought about in our ideas regarding the different 
states in which matter is supjDosed to exist, be it 
in motion or in rest : the solid, the liquid, and the 
gaseous states. 

N'ot very long ago the impressions of common-sense, 
according to which a fundamental difference separates 
solid from liquid and liquid from aeriform bodies, per- 
meated scientific treatises also. Eigid demarcations 
were maintained between hydrostatics and pneumatics, 
and likewise between the doctrines of bodies at rest 
and such as are in a state of perceptible motion. 
One of the most marked changes which tlie century 
has witnessed, has been the breaking down of these 
older landmarks of science. The state of rest — once 
supposed actually to exist — has had to give way to a 
state of concealed yet measurable motion, as in the 
case of the kinetic theory of gases, whicli explains dead 
pressure by the bombardment of innumerable particles 
darting about. The idea of dynamical equilibrium — ir., 
the maintenance of a state of xiniform motion — has 
in majiy eases taken the place of static equilibrium or 
e:est, as in the doctrine of the How of heat, the theory 
of exchanges of radiation, and the coiKieption that the 
rigidity of solids depends upon a peculiar form of whirl- 
ing motion — the vortex. Similarly the intermediate or 
transition states which lie between the solid and fluid, 
the properties of viscosity and of colloidal substances, 
and of vapours as marking the transition between 
liquids and gases, have attracted more attention in pro- 
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portion as experimental science has taken the iDlaee of 
that purely mathematical treatment which obtained at 
the beginning of the century, notably in the Continental 
schools, and which thought it could exhaust the infinite 
variety of natural phenomena by a few easily defined 
properties measured by constants. The narrowness of 
this view has been gradually overcome by the influence 
of the great experimental philosophers in this country, 
and the independent development of chemical research 
abroad. Beside Faraday must be especially named Thomas 
Graham^ and Thomas Andrews, whose original experi- sa 

^ Grail am and 

ments did so much to extend and deepen our knowledge 
of the less obvious properties of matter. Graham car- 
ried on, between 1825 and 1850, extensive experiments 
on the diffusion of liquids and gases, on absorption, and 
on the phenomena of osmosis or gradual filtering of sub- 
stances through iDorous partitions, showing how in liquids 
motion and pressure exist similar to that which is now 


^ Thomas Graham (1804 - 69), 
for many years professor afc Uni- 
versity College, London, then 
Master of the Mint, cultivated the 
unexplored regions of physics and 
chemistry in an original spirit and 
yet with very simple apparatus, 
some of which is still used under 
his name. His ingenious labours 
attracted the attention of Liebig, 
through whose influence was brought 
about the translation of ‘The Mo- 
ments of Chemistry ’ into Ger- 
man by Otto. This work in its 
subsequent enlarged editions has 
formed for sixty years, next to 
Gmelin’s ■Handbook,' a corner- 
stone of chemical literature in 
Germany, where Graham's name 
is a household word. The dis- 
coveries of Graham on the move- 

YDL. II. 


ment and “ miscibility " of gases 
led to the well-known law, “that 
the diffusion rate of gases is in- 
versely as the square root of their 
density." From gases he advanced 
to the more complicated study of 
liquids, divided bodies into two 
classes, ‘ ‘ crystalloids ” an d “ col- 
loids," stuped the ‘' transpiration 
of gases ‘“through fine tubes, and 
their “ osmosis" or gradual filtering 
through porous (and many ap- 
parently non - porous) partitions. 
In many directions he anticipated 
later discoveries and collected in*^ 
valuable materials for subsequent 
theories. Inter alia, he established 
the existence of “alcoholatesj" 
compounds analogous to ‘‘hydrates," 
and maintained the metallic nature 
of hydrogen. - 

' L" ■" 
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generally attributed to gases. Andrews ^ in the 'sixties 
carried on his important experiments on the transition of 
bodies from the liquid to the gaseous state, and came to 
the conclusion ‘‘ that the gaseous and liquid states are 
only remote stages of the same condition of matter, and 
are capable of passing into one another by a process 
of continuous change." ^ He also referred to the '' pos- 
sible continuity of the liquid and solid states of matter." 

Another important step by which our conceptions of 
the nature of the liquid condition of matter wore con- 
siderably enlarged and altered — motion being introduced 
where a former view had seen only rest — was taken by 
Clausius, who, following Joule and Krbnig, had about the 
same time given its modern form to the kinetic theory 
of gases. What suggested this step was the pheno- 
menon of electrolysis. The older view looked upon the 
action of the electric current, which, passing through 
substances in a state of fusion or solution, liberated the 
constituents out of which they were composed, as an 
■exertion of a force contrary to the forces of chemical 
ajfinity, by which the chemical constituents were sup- 
posed to be held together. In this case energy would 
have to be spent in doing work against cliemical forces, 
•ft was. however, very soon found that the decomposi- 
tion, or — as Sainte Claire Deville first called it*" — the 


1 See vol. i. p. 316, note, of this 
Hiatory. 

“ See ‘The Scientific Papers of 
Thomas AuUrows,* with a Memoir 
by Tiiit anil Crum Brown, London, 
1889, p. 316. 

^ Sainte Claire Deville (1818-81) 
approached chemical research from 
the side of medicine, and after a 


series of original investigations, first 
in organic then in met-allurgicul 
chemistiy, entered tipf>n his I’e- 
markable work in thermal chem- 
istry at the time when Clausius in 
Germany was being led frotn an 
entirely different point of view to 
the same subject. He introduced 
the term dissociation to denote the 
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dissociation of the electrolyte, was not the consequence, 
but the accompanying feature or condition, of the exist- 
ence of an electric current in a solution. Clausius first 
expressed this distinctly in 1857, and Helmholtz re- 
peated it in 1880. The conception was thus intro- 
duced that in certain (not in all) solutions of chemical 
compounds dissociation might exist independently of an 
electric current, and that the latter, if introduced, only 
directed the already dissociated and wandering molecules 


(ions), freeing them at the 
charges.^ This conception. 

breaking-up of chemical compounds 
not so much through the preseuce of 
other chemical agencies as through 
altered physical conditions, such, 
notably, as heat, evaporation, and 
condensation. “Deville’s observa- 
tions on dissociation . . . have a 
very direct bearing on the kinetic 
theory of gases, and it is a fact of 
interest in the history of science 
that Deville did not recognise the 
validity of that theory. Our esti- 
mate of the ingenuity, skill, and 
patience shown in his experimental 
work, and of the genius and sound 
judgment which dii'ected his theo- 
retical conclusions, is perhaps raised 
when we recollect that he was 
neither led in the first nor biassed 
in the second by ideas clerive<l 
from the kinetic theory, and his 
hostile, or at least neutral, attitude 
towards it gives perhaps greater 
value to the evidence that his work 
has contributed to its soundness” 
(A. Crum Brown, *Ency, Brit.,* 
9th ed., article ^‘Sainte Claire 
Deville”). 

^ I have already mentioned (vol. 
i. p. 435, note) that Clausius, when 
introducing his kinetic theory and 
distinguishing between molecules 
and atoms, could refer to several 
eminent chemists who had inde- 


same time of their electric 
though at first violently 

pendently arrived at similar ideas 
by (juite diflereiit trains of reason- 
ing. Again, when introducing, in 
1857, his theory of dissociation by 
solution, he could refer to similar 
anticipations. Williamson had said 
aheady, in 1850 (Liebig’s ‘Annalen,' 
vol. Jxxvii. p. 37), at the meeting 
of the British Association in Edin- 
burgh : “ "We are led to the conclu- 
sion that in an aggregate of mole- 
cules of every compound there 
exists a continual exchange of the 
elements contained in it. Suppose, 
for instance, that a vessel with 
hydrochloric acid were filled with 
a great number of molecules of the 
compound Cl II, then the view at 
which we have arrived would lead 
UB to the supposition that every 
atom of hydrogen docs not re- 
main in quiet juxtaposition with 
an atom of chlorine, with which it 
is combined, but that there is a con- 
tinual exchange of places with other 
hydrogen atoms” (Clausius, * Me- 
cliani.sohe Warmetheorie,’ vol. ii. p. 
167, Braunschweig, 1879). For an 
illustration of the theory of Clausius 
modified to meet more recent con- 
ceptions, see 0. Lodges « Modern 
Views of Electricity,’ 1892, p. 83, 
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attacked by chemists, became gradually better under- 
stood and gained ground. The merit of ha\’‘ing finally 
introduced into our modern notions the idea of the free 
mobility of the constituents of electrolytic compounds 
41. belongs to W, Hittorf and F. Kohlrausch. The name 

Hittorf and 

Kohlrausch. of the latter will be connected in the history of science 
with the phenomenon of the migration of the ions,” 
which he has expressed, after ten years of research 
(1869-79), in his well-known law. The question was 
[)ut and answered, '' What becomes of the energy of the 
electric current ^ ” It was found that electrolytic conduc- 
tion increased with dilution and temperature — two agents 
which would favour dissociation. The phenomena of 
dissociation had, moreover, been studied independently of 
the galvanic current. Following in the track of Graham 
and Andrews, a number of physicists abroad — notably 
van der Waals, Eaoult, and Van’t Hoff — had confirmed 
and extended the view that bodies in solution resembled 
gases, that the osmotic pressure of a liquid resembled 
ordinary gas pressure, that the law of Avogadro regard- 
ing the number of molecules in a gas could be trans- 
ferred to matter in a state of solution, and that the 
magnitude of the osmotic pressure in a li(]iiid could be 
'used as measure of the number of dissociated — wander- 
ing — molecules which are contained in a given volume 
of a solution, just as the pressure of a gas would increase 
if the number of molecules in a given space were in- 
creased through the splitting up of compounds. Apparent 
anomalies in the behaviour of gases approaching conden- 
sation were explained by the aggregation, and similar 
ones in dilute solutions by the dissociation, of molecules. 



ON THE PHYSICAL VIEW OP NATUKE. 


165 


The decisive step was taken in 1887 by Arrhenius,^ who 
has the merit of having brought together the two inde- 
pendent courses of research and reasoning, and made 
them fruitful for eaeli other. He shows ^ that the dif- 
ference between active and inert molecules consists in 
this, that the former are split into their ions, the latter 
not. Only the free ions take part in the conduction of 
electricity and in chemical reactions : this is the reason 
for the proportionality of the two (Faraday's law). The 
ions behave in solution like independent molecules : this 
is the reason of the deviation wliich electrolytic solutions 
show from the extended gaseous laws (Van’t Hoffs dis- 
covery).” '"What a change has come over our concep- 
tions,” exclaims Victor Meyer, ^ “ if we have to accustom 
ourselves to see in a dilute solution of common salt, no 
longer the undecomposed molecules of a salt, but separate 
atoms of chlorine and sodium. For these revolutionary 
innovations we are indebted to the labours of Van't 
Hoff, Arrhenius, Ostwald, Planck, Pfeffer, de Vries, but, 
so far as experiments go, notably to tli(i splendid re- 
searches of Eaoult, which for years have been prepar- 
ing the way for this mighty theoretical advance ” 

The year 1887, which brought together these two 
fruitful lines of reasoning and x’esearch, can also bO'ceti-' 
sidered as the epoch when the new science of physical 
chemistry was fairly launched into existence. The year 


^ In a communication to tlie 
Academy of Stockholm of 8th June 
and 9th November 1887. 

^ Quoted fi'om Ostwald’s ‘ Allge* 
meine Chemie,’ 2nd ed., vol. h. 
part 1, p. 656. 

® See the highly interesting 


AddreHH by Victor Meyer before 
tho German ‘‘ Naturforschcrver- 
saiuinlung” at Heidelberg in 1889, 
entitled “ Ohemische Problcme 
der Gegonwart ” (Heidelberg, 
1890), p. 32. 


42 , 
Victor 
Moyer on 
change of 
chemical 
views. 
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1826 marks the revival of mathematical studies in 
Germany through the appearance of Crelle's journal ; so 
the year 1887 saw the first number of Ostwald and 
Van’t Hoffs ‘ Zeitschrift fur physicalische Chemie.’ From 
that period the physical properties of chemical substances, 
so long neglected, or only studied by isolated students, 
have received systematic, mathematical, and exact 
treatment, guaranteeing something like continuity and 
completeness, and leading on to the solution of the great 
remaining question, What is chemical affinity ? 

The eminent natural philosophers to whom is mainly 
due the foundation of this modern science, claim also to 
be gradually realising the idea which was suggested by 
the early representatives of the theory of energy — 
notably by Eankine and dames Thomson — that of a 
general doctrine of energy, termed energetics ; and they 
hold that this suggestion is only realisable by breaking 
with the conventional ideas which the older physical 
theories — the astronomical, atomistic, and kinetic views 
— have imposed upon our reasoning. They further hold 
that the gradual development of chemistry into an exact 
science necessarily requires the introduction of this 
broader view which they embrace, and that the older 
views*— useful in their way — only suffice to comprehend 
certain restricted groups of natural phenomena, whereas 
iu chemical changes, where all imaginable natural pro- 
cesses seem to come together, a larger and more inde- 
pendent theory is indispensable. It is interesting to 
note how very generally they trace this larger view to 
the long unnoticed labours of a natural philosopher iu 
the ITew World, Professor Willard Gibbs of Yale. 
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The train of thought methodically and eomprehen- 
sively followed out in Gibbs’s various memoirs had its 
origin in the early speculations of William Thomson 
(Lord Kelvin) and Clausius, to which I referred above. 
Thomson was the first who, in adopting (after much 
hesitation) the mechanical view of the phenomexia of heat, 
the doctrine of the convertibility and equivalence of the 
different forms of energy, recognised that, in order to 
describe natural phenomena correctly, this view required 
a qualification. The change of the different forms of 
energy into each other can for the most part take place 
only in one direction; there is a general tendency in 
nature towards a degradation or dissipation of energy. 
Energy, though not lost, becomes less useful, less avail- 
able. The least available form of energy is heat; and 
it is in that form that in all natural changes a por- 
tion of energy becomes lost, dissipated, or hidden away. 
Thus we have to recognise the difference between 
available and unavailable, between useful and useless, 
energy. In the sequel Thomson showed in definite 
instances^ how to calculate the available and the un- 


^ See ‘Math, and Phys. Papera,’ 
vol. i. No. LIX., 1852, “ On a Uni- 
versal Tendency in Nature to the 
Dissipation of Mechanical Energy”; 
and No. LXIIL, 1853, “On the 
Restoration of Mechanical Energy 
from an unequally heated Space.” 
In Tait’s ‘ Sketch of Thex'modynam- 
ics’ (1868)j we read (p. 100): “It 
is very desirable to have a word to 
express the availability for work of 
the heat in a given magazine, a 
term for that possession the waste 
of which is called DiBdpationh, Un- 
fortunately the excellent word en~ 
wliich Clausius has introduced 


in this connection, is applied by him 
to the negative of the idea we most 
naturally wish to express. It would 
only confuse the student if we were 
to endeavour to invent another 
term for our purpose.” He then 
proceeds to use the term entrofjy 
in au altered sense, iu whicli it 
measures the available instead of 
the unavailable energy, creating 
for some time a great confusion 
and sorne^ unnecessary irritation, 
See on this the early editions of 
Clerk MaxwelTn excellent ‘ Theory 
of Heat,* and the footnote to p. 
189, 8th ed., and Clausius ‘Die 
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available energy : he introduced the word “ motivity,” the 
conception of a quantity of a ''possession the waste of 
which is called dissipation.” Whilst Thomson was thus 
putting into scientific language and calculating an im- 
portant and obvious property of nature — namely this, that 
her processes mainly proceed in a certain definable direc- 
tion — Eankine and Clausius were labouring independ- 
ently at the mathematical wording, the analytical expres- 
sion, of this remarkable discovery. Wherever a change in 
a system of various elements, factors, or quantities takes 
])lace mainly in a definite sense or direction, it is piesum- 
able that there exists a definite quantity which is always 
growing or always decreasing. This quantity may noi; 
be directly observable or measurable, as in mechanical 
motion velocity or distance is directly measurable ; it 
may be hidden — wo may have no special sense with 
which we can perceive it, as we possess a pressiii‘e sense, 
a heat sense, a sound and light sense ; nevertheless, it 
may bo indirectly discoverable, being made up (a func- 
tion) of definite observable quantities and factors (such 
as heat, temperature, mass, volume, pressure, &g.) Now 
Eankine and Clausius found that in all thermal changes 


mechaiiische AVurmetheorie,* vol. i. 

atid voL ii. p. S2-1 A 
great tleai'oUtliis ffn fusion would 
have 1)0011 avoided had Tail in 18(58 
introduced a really now term — viz., 
that HUggOMted later (1876) by 
Thomson in a ftomnmnioation to 
the Koyal So(‘icty of Kdmburgh, 
and more fully explained in a 
paper in the ‘Phil Mag.,* May 
187^), the term “Thermo-dynamic 
Motivity.” We should then have 
two terms, inasmuch as the “con- 


sideration of the enerf}}) and 
motivity, as two functions of all 
the independent variables specify- 
ing the condition of a body com- 
pletely in respect to tein})era- 
ture, elasticity, capillary attraction, 
electricity, and magnetism, leads 
in the simplest and most direct 
way to demonstrations of the theo- 
rems roprding the thermo-dynamic 
properties of matter” (loc. cit, 
‘Papers,’ vol. i. p. 459), 
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or heat processes — and this practically means in all 
natural processes — there is sncli a quantity which is 
always on the increase, and which thus measures in 
mathematical language the growing loss of available 
or useful energy in tlie world. Eankine simply called it 
the thermo-dynamic function ” ; Clausius thought it 
important to give it a name which would co-ordinate it 
with energy, and he called it entropy : ^ energy whicli 
is turned inside, becomes hidden or locked up. Clausius 
thus gave a different wording of Thomson’s doctrine of 


^ Clausius had already iu 1854 
(I*ogg. ‘ Ann vul. xciii. ]). 481) ar- 
rived at the principal conse(j[uenrcs 
and the liual enunciation ot what 
he termed “the becoud lav/ of 
thei mo - dynamics,” a law which 
refers to the transformation, as the 
first refers to the conservation, of 
energy. He there arrives at similar 
conclusions to those put forth by- 
Thomson two years earlier. The 
word entropy, however, was not in- 
troduced by him till 1865 (Pogg. 
‘Ann.,’ vol. cxxv. p. 390), when he 
introduced it with the following 
remarks : “I have intentionally 
formed the word entropy as much 
as possible on the model of that 
of energy, for the two quantities 
which are to be designated by these 
two words are in their physical 
meaning so intimately related that 
a similarity in the terms seemed to 
me to be justified.” As stated 
above (p. 1 67, note), Lord Kelvin, who 
worked .simultaneously and inde- 
pendently at the same suVjject, laid 
more stress upon the direct state- 
ment, that in all transformations 
of energy we have to distinguish 
between the available and the total 
intrinsic energy, and introduced 
the terms energy and motivity as 


two function of all the variables 
specifying the conditions of a 
ftystem. Jn his article on Heat, 
contributed to the ‘ blncy. Brit.,’ 
9th ed.,h<‘ gives the mathematical 
relation of motivity to entiopy 
( ‘ Papers, ’ vol . ih. }>. 167;. The term 
motivity has not become current iu 
thermo - dynamical treatises, but 
the need has been very generally 
felt ot reserving the word energy in 
a restricted sense for available 
energy, such energy as can be put 
to mechanical use. Wald, in a 
very interesting dissertation, ‘Die 
Energie und ihre Kutwerthung* 
(Leipzig, 1889), deplores (pp. 43 
and 44) the fact that the word 
energy has not been reserved to 
denote useful, available energy. 
“Had the word energy,” ho says, 
“been introduced before the dis- 
covery of the lirst law of therm'o- 
dyuainics, then certainly only me- 
chanical energy would have been 
termed simply energy.” In the 
use of the word JCraft in some 
writers, such as Mayer, there 
seems occasionally a confusion be- 
tween availa}>le and total or in- 
trinsic energy. See Le Ohatelier 
in ‘Journal de Phy8i<iue,* 1894. 


45 . 
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the universal tendency in nature towards a dissipation 
of energy, by saying, ‘‘The entropy of the world is 
always on the increase.” 

For about twenty years after these conceptions had 
been introduced into scientific language and reasoning, 
iiiatliematicians and physicists were mainly occupied 
ill defining more clearly this hidden quantity, and in 
defending what was called the second law of thermo- 
dynamics against misconceptions and attacks. In 1875 
Lord Eayleigh could still say,^ “The second law of thermo- 
dynamics and the theory of dissipation founded upon it 
has been for some years a favourite subject with mathe- 
matical physicists, but has not hitherto received full 
recognition from engineers and chemists, nor from the 
scientific public. And yet the question under what 
circumstances it is possible to obtain work from heat 
is of the first importance. Merely to know that when 
work is done by means of heat, a so-called equivalent of 
heat disappears, is a very small part of what it concerns 
us to recognise.” 

Whilst these words correctly describe tlie general 
attitude of the scientific public towards this important 
disco veiy, two men had already made a beginning in 
the direction indicated — Horstmann*^ in Germany, and 


^ ^Proceerliags (,>f the Eoyal lu- 
atitution,’ vol. vii. p. 386. 

Prof. Oafcwahl in the historical 
sectior* of his * Vervvandtachafts- 
ielij’o’ (‘Allg. Ohernie/ 2nd ed., 
vol. ii, part 2, p. 111, &e.). Helm 
in 'Energetik’ (p. 341, &c.), and 
Duheiu iii his ‘ Traitd de Mecanique 
chimique’ (1897, vol. i. p. 84, &c.) 
all do full justice to the long-un- 
recognised labours of Horstmann, 


which began in the year 1869 and 
were continued in Liebig’s *An» 
nalen' in various communications 
during the early ’seventies, not 
without undergoing violent attacks 
from representaiivcy of the tdder 
conceptions. Ever since James 
Thomson’’« celebrated prediction 
(see above, p. 126), physicists 
had recognised the importance of 
thermo - dynamical considerations, 
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Willard Gibbs ^ in America. They seem to have been the 
first to approach the question of chemical equilibrium, 
the result of the action of various conflicting chemical 
forces, tennod affinities, from a general comprehensive 
point of view; recognising that the theory then com- 
monly adopted on the Continent — the thermo-chemical 
theory of affinity — was incorrect or incomplete. This 
theory, which had been principally elaborated by Julius 
Thomsen in Copenhagen and by Berthelot in France, 
was supported by the large amount of valuable ex- 
perimental research for which we arc indebted to 
these two eminent men and their numerous followers. 


whihl clieiuwtK peiMstetl in tlio ex- 
elusive use of .Uonii&tic coneeptioiirt, 
wliicli, as llorhtuuuui pointed out, 
are of no avail in prol»lcin« of that 
nature (kgo Holm, ‘ J^uergotik, ’ p. 
143). 

1 More fundamental than the 
labours of Huvstmann were those of 
Gibbs, which began with the year 
1874, and W'ere for a long time 
buried in the ‘ TruuHactious of the 
Connccticu t Academy . ’ 1’hey were 
known to Maxwell, but romalned 
generally unknown, partly owing 
to tlicir abstract nature, partly 
to the fact that the majority of 
Continental cheniints were not 
prepared to appreciate the mathe- 
matical form in which hh exposi- 
tions were clothed. PreviouH to 
the study of questions of chemical 
e<|uilibrium, Gibbs had successfully 
developed an idea of .Tames Thom- 
son's — viz., the graphical represen- 
tation of the different thermo- 
dynamic quantities in three instead 
of merely in two dimensions. Thom- 
son had represented the properties 
of a body or system by referring 
them to volume, pressure, and tem- 
perature. Gibbs refers them to 


volume, encigy, and entropy, the 
! former quantities being always de- 
! finable by the latter, but not vice 
z^ersd. The advantages of this rep- 
resentation were demonstrated to 
I English students m Maxwell’s 
i * Theory of Heat.' In Germany it 
' was Prof. Ostwald who, by collect- 
1 iug and ti'anslating the memoirs 
I of Gibbs, first made them accessible 
' to students (* Therrnodyiiamische 
, Btudien,’ von Willard Gibbs, Leipzig, 
1892). .Subsequently both Ostwald 
! and Helm have done much to pro- 
! mote an undorstamling of Gibbs’s 
j luethodH. Sec Ostwald, ‘Allg. 
i Gliemie,’ vol. li. part 2, p. 114, 

' &c. ; Helm, * Grunclzuge der matlie- 
; matischen Chemie ' (Leipzig, 3 8(bi), 

! and ‘ Encrgotik,’ Subse- 

! quently GibUs also introduced the 
' very general and useful term 
phase” to denote the diUcrent 
I states in which a substance can 
, exist. This term denotes not only 
such differences as were formerly 
i called in German Affpregatzustande, 

{ but likewifte conditions of dis- 
1 sociation, allotropio and isomeric 
I moditications. 
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It measured chemical reactions hy what is termed their 
heat -toning, /.c'., by the amount of heat developed, 
and culminated in the celebrated third law of thermo- 
chemistry — viz., that such reactions take place as are 
accompanied by the greatest amount of energ}^ liberated 
in the form of heat. Now, although this contains an 
adequate description of a very large number of reactions 
that take place at the temperatures at which we operate 
in our laboratories, the rule is by no means universal, 
and it required a great amount of ingenuity to ex- 
plain away the many exceptions which pj*esented them- 
selves. The rule needed to be modilied or amplitied. 
The measurement of the energy of a chemical process by 
the heat-toning was not the only instance in which the 
thermal side of a phenomenon had been considered a 
sufficient means of measuring. In an allied department, 
that of electrolysis, Helmholtz had suggested, as early 
as 1847, that the electro-motive force of a galvanic cell 
may be measured by the heat-toning of tine chemical pro- 
cesses which produce the current, and for a long time 
this was considered to he a correct expression of facts. 
In consequence, however, of some discrepfincies which 
had presented themselves, Helmholtz himself was induced, 
-^boiit 1881, to examine the subject more thoroughly. 
He arrived at the conclusion that the heat-toning is not 
always a correct measure ; and at the same time he intro- 
duced a more adequate and generally applicable method 
of measurement. In fact, he anived at tlie conception 
of available or useful energy for processes which take 
place at constant temperature. To this quantity, wliich 
decides in which direction a reaction takes, place (temj^era- 
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ture remaining constant), lie gave the name of free 
energy. He showed that in a state of equilibrium the 
free or available energy must he a minimum. He also 
showed the connection in which the available or free 
energy stands to the quantity introduced by llanlcine 
and Clausius, the entiojpy which measures the unavailable 
or hidden energy. By making chemical changes depend 
on the increase or decrease of a delinite measurable 
quantity a parallel was established between chemical 
and mechanical processes, the latter always taking place 
in the direction of a decrease of potential energy. Free 
energy has thus been appropriately termed by M. Duheni 
tlie thermo-dynamic potential. 

Helmholtz did not apply this fruitful view to chemical 
processes on any extensive scale, but his explanations 
have done much to establish that correcter and more 
comprehensive way of treating such questions which has 
since become general. Horstmann had indeed led up 
to this view, Willard Gibbs had applied it before, and 
Lord Itayleigh had suggested it.’ The conception of 


47 

Helmholtz 
“ fiee 
energy.” 


^ The general use of the concep- 
tion of useful or free energy must 
be dated from the remarkably lucid 
expositions of Helmholtz, though 
it is now recognised by all who 
have studied the history of this 
fertile conception that the physi- 
cal notion of available energy goes 
back to Thomson (see Tait, ‘Ther- 
modynamics,’ 1868, p. 100) and 
Maxwell (‘ Heat,’ p. 1 S7, 8th ed, ; 
Duhem, ‘ Mdcanique chinaque,’ 
vol. i. p. 92 ; Le Ohatelier in 
‘Journal de Physique,’ 1894, p. 
291) ; that the mathematical 
formula were given by Massieu 
(quoted by Duhem, * Le Potential 
Thermodynamique,’ 1886, pp. v. 


and 11), and more deliiiitely ex- 
plained and applied to the phys- 
ical phenomena of diessociation by 
Gibbs (‘ 'rherniodynanusche Stud- 
len,’ ed. Ostwald, ]>. 66, &;e. ; 

‘ Amer. Journ. of Sciences aud' 

Arts,’ 1879); and that" ‘it 'is e.s- 
poeialjy owing to the labours of 
Duhem th*it the subject has 

received the attentimi of chemists. 
M. Duhem, in the introduction to 
the work of 1886, gives a very 
valuable and lucid liistorical ex- 
position, and subsequently in his 

largo work in four volumes PMc- 
canitjue chiiaique,’ 1897-1900) a 
vast number of applications. For 
the history of thought the import- 
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available energy as distinguished from total energy had 
been introduced by Lord Xelvin and by Maxwell. This 
free energy is measured not only by the heat liberated, 
but dej^ends on all the other factors, such as volume and 
pressure, the number of chemical substances engaged, and 
their physical conditions. The doctrine of energy and 
the conception of free energy pointed out a method of 
co-ordinating all these different factors and reducing them 
to a common measure. As Eankine, by the introduction 
of the term potential energy, did much to clear the ideas 
and guide the reasoning in dynamical science, so Helm- 
lioltz, l)y introducing the term free emei'gj^ did a great 
deal to introduce into chemical science the fruitful con- 
ceptions which had been elaborated and ap}>lied in phys- 
ical research. Tlie term free or available energy seems 
to describe more naturally the characteristic pinperty of 
all energy which is useful for doing work, whilst the 
opposite term entropy — which measures the unavailable 
or hidden energy — refers to a quantity for which we 
have no immediate means of pei’ception.^ 


ance of these somewhat abstruse 
expositions lies mainly m two 
directions : First, in the recog- 
nition of the fact that for the cor- 
rect description of natural pheno- 
njena and changes the knowledge 
of the total energy is as little suf- 
ficient as that of tlio total weight 
or mass, but that it is necessary 
to introduce the conception of use- 
ful energy, of energy which is free 
or available for doing work ; 
secondly, in the recognition that 
the course uf chemical changes or 
reactions cannot be measured by 
attending to one special property, 
such as weight, or temperature, or 
entropy, but that it requires the 


measurement of a quantity which 
comprises all the different agencies 
in nature, this quantity being the 
energy of the system or substances 
in question and its availability. A 
third point, which is of more or less 
importance according to the general 
view adopted, is this, that the ma- 
thematical formuliu involvtHl have 
exhibited the analogy between 
chemical and mechanical processes, 
dhe latter being those which were 
earliest and are most easily grasped 
by the mind. 

^ As Prof. Ostw’ald has remarked, 
it is to a great extent a matter of 
taste what particular form one 
adopts out of the many in %vhich the 
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It was about this time — after experimental research 
had been carried on for many years by Julius Thomsen 
and Berthelot, after Horstniann had made a beginning of 


second law of thermo-dynaniics can 
be expiessed (’ Allg. Cheinie/ vol. ii. 
part 2, p. 150). In every case it 
IS simply a question how moht 
conveniently to express and apply 
the general principle that heat 
cannot of itself pass from a colder 
to a hotter body, the princi]>le on 
winch Fourier built hts “Tht'orie 
de la Chaleur,” and which revealed 
itself as the rationale of the ex- 
positions of Carnot wlien m the 
middle of the century their hidden 
truth emerged from the criticisms 
of William Thomson (Lord Kelvin) 
and Clausius, Thus already in the 
difierent treatment of the same 
subject there allowed itself the 
twofold tendency which reasoning 
on physical matters so fre(|Uontly 
exhibits — vw., towards physical 
diiectness and mathematical ele- 
gance ; the former leading to prac- 
tical application, the latter to 
analytical reliueinent. Maxwell, 
in a review of Tait’s * Ther- 
modynamics,’ written in 1877 
(LScicntiftc Papers,’ vol. ii. p. 
666), contnihtH the methods of 
OlausiuH and Thomson, and Prof. 
Mach (* Wiinnelehre,’ 1896, p. 300) 
has made similar remarks. Of 
Thomson the former says, ‘"tliat 
he does not even consecrate a 
symbol to denote the entropy, 
but he was the first to clearly 
define the' intrinsic energy of a 
body, and to him alone are duo 
the ideas and the definitions of 
the available energy and the dis- 
sipation of energy, . , . He avoids 
the introduction of (luantities 
which are not capable uf ex* 
perimenial measurement/’ Since 
these criticisms a great deal has 
been written to make the second 
law of thermo-dynamics and the 


conception of entropy more intellig- 
ible. The object here again has 
been twofold: fiist, to make the 
conceptions useful for the practical 
puipose of perfecting the heat en- 
gines (Kaiikine, Zemier and his 
school) and of investigating the 
conditions of chemical equilibrium 
(Gibbs, Helmholtz, Duhem) ; next, 
to place the second law, which 
deals W'lt]) the ti aiisformation of 
energy, on an ecjuahy firm founda- 
tion with the hist law, which 
deals with the conserv.ition of en- 
ergy.^ Therein no doubt tliut the 
principle of the consemalioii of 
eneigy <wves a very large ]>}irt of 
its iutfdligibility to the fact that 
for purely mechanical syst-ems 
lb follows from such well-known 
dynamical axioms as the law's of 
motion. When heat was con- 
ceived to have a mechanical 
equivalent in mechanical work, 
the more general principle of the 
con.servation of energy seemed 
intelligible by mechanical con- 
cejitions. The second law, how- 
ever, introduced a property of 
natural processes which ls not .so 
easily understood mechamcall}^ — 
viz., that they are not reversible 
—and this property was showm to 
be connected with a special phy.s- 
ical quantity, for which we have 
a special sen.se — viz,, temperature. 
The problem of making the second 
law mechanically intelligible thus 
coincides with the problem of 
giving a mechanical <lefinition of 
tempemture. It is not sufficient 
to call heat a mode (or, moie cor- 
rectly, the energy) of motion ; wo 
must express temperature, on the 
difference of which the uHefulne.sH 
of heat depends, in Home way by 
motion, we must arrive at a 
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introducing thermo -dynamics into chemistry, after W. 
G-ihbs had shown how to look at chemical energy as a 
sum of many forms of energy, and after Helmholtz had 
more clearly defined the useful conception of free or 
available energy as the measure of chemical reaction — 
ostwtid’s length ventured after the lapse of 

eighty years to unite in a comprehensive doctrine the 
scattered fragments of our existing knowledge regard- 
ing chemical affinity. This he did as a restorer of the 
forgotten labours and fame of Berthollet.^ By the 


kinetiu defiLiution of toiiiperature. 
The two principal founders of 
thermo - dynamics, Clausius and 
Lord Kelvin, did not resort to 
kinetic conceptions when estab- 
lishing the two laws which deal 
with the conservation and trans- 
formation of energy : Eankine, 
however, connected the subject 
with his theory of molecular vor- 
tices ; and Clausius, who was one 
of the founders of the kinetic 
theory of gases, very early at- 
tempted to interpret the laws of 
the transference of heat by the 
help of that theory. So like- 
wise did Maxwell, Helmholtss, 
Boltzmann, and many others. 
Mr Bryan, in a very valuable 
report on the Researches relat- 
ing to the Connection of the 
Second Law with Dynamical 
-principles,’' has given a critical 
Ruiumary of thctse various at- 
tempts (see Brit. Assoc, ReiKirts, 
p. 8r>). The three peculiar 
forms of motion referred to iu 
our last chapter — periodic, rota- 
tional, and rapid translational (dis- 
orderly) motion — have been used to 
suggest manifold means of trans- 
lating thermo- dynamical processes 
into kinetic models, explaining, 
as Mr Bryan says, **the second 
law, about which we know some- 


thing, by means of molecules 
about which we know much less ” 
(p. 121). It docs not seem that 
much more has been gained than 
a general presumption that a 
mechanical illustration is possible. 
To the statistical ideas elaborated 
mainly by Maxwell and Boltz- 
mann 1 shall revert when treat- 
ing generally of the statistical view 
of nature. 

* Prof. Ostwald has himself, in 
the Inaugural Lecture which he 
delivered on the occasion of his 
accession to the chair of physical 
chemistry at Leipzig, 23rd Nov- 
ember 1887, given a very lucid 
Htaiemeut of the principles in- 
volved. He goes batik to the tw(j 
theories of chemical action repre- 
sented at the beginning of the 
century by Bergmann on the one 
side and Berthed let on the other. 
In place of the conflict of chemical 
forces, in which the stronger ob- 
tains a complete victory (complete 
reactions)— 'the view of Bergmann — 
Berthollet introduces the mani- 
fold play of forces acting to and fro, 
the result being that every one gets 
its due. The more powerful sub- 
stance gets more, the weaker less. 
Only in cases where one of the 
possible compounds in consequence 
of its properties entirely leaves 
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publication of the second Tolume of his ' Lehrbuch der, 
allgemeinen Cheinie ' a great impetus was given to phys- 
ical chemistry. The large addition to our knowledge in 
this branch, and the consolidation and criticism of re- 
search which it brought about, and to which the second 
edition, now appearing, gives ample testimony, mark this 
publication as an epoch in modern scientific thought. To 
this development is attached the growth of the special 
view of natural phenomena which Ostwald and some 
other Continental thinkers embrace, and which they are 
inclined to place in opposition to the older views as a 
more comprehensive one. The older views they some- 
what contemptuously term the materialistic views of 
nature — the views, in fact, which I have presented 
under the headings astronomical, atomic, and mechanical. 
As this most recent outcome of what I termed the 
physical view of nature refers to fundamental coneej)- 
tions and has furnished much matter for discussion 


the field of contest, either by falling 
down as insoluble or escaping as 
gas, can that complete decomposi- 
tion take place which Bergmami 
held to be the normal result” 
( ‘ Die Energie und ihre Wand- 
lungen,’ Leipzig, 1888, p. 20). That 
complete reactions were for a long 
time studied with predilection was 
most natural, especially as they are 
the most useful for practical pur- 
poses ; but the study of moving 
chemical equilibrium, depending on 
what is now termed mass action 
and involving the question of the 
velocity of reactions, has in recent 
times again asserted itself. Ost- 
wald dates the revival of this long- 
neglected branch of research from 
the year 1867, when “ two Nor- 
wegian chemists, Guldborg and 

VOL. II. 


Waage, |:)ut the ideas of BerthoUet 
into precise mathematical form and 
subjected the resulting equations to 
the test of observation and vcrilica- 
tion”Cibid,, 21). Ostwald then 
shows further how Bergmaiiu’s 
theory was simuHaneously revived 
in M Berthelot’s famous third law 
derived from thermo - 
Tins Tir' yi'cldt 

the corrector views which date 
from^ Gibbs's stuiHes on the 
equilibria of heten>geneous sub- 
stances” (see Tlierniodyiianiischft 
Studien,’ p. t>G, 1875 ; also Ost- 
wald, ‘Allg. Ohemie,’ vol. ii. part 
2, p. J6J1, on the recouciliabiou of 
Hergmann’s and HerthoHot’s views ; 
und further, Bcrtludot in ‘ Gouiptcs 
Rendus,' 1804, 118}, 

M 
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abroad, I will try to sum up finally the principal points 
in it which are of importance for the history of con- 
temporary thought. 

Ever since the conception of energy as a quantity 
which, like matter, is preserved in all natural processes, 
forced itself with more or less clearness upon natural 
philosophers, the question has been insistent as to the 
number of different forms in which this quantity can 
manifest itself ; and some of the earliest propounders of 
the doctrine attempted an enumeration of the different 
forms, mechanical energy of motion and of attraction 
usually heading the list. When that form of energy 
which we call heat was subjected to examination, and the 
remarkable property formerly called latent heat defined 
in the new terminology, the want arose of bringing about 
some kind of connection between our ideas of motion and 
those of heat, which were shown to be mutually con- 
vertible quantities in nature. Before that time sound 
and light had already yielded to the kinetic view, and an 
enormous increase of our knowledge in acoustics and 
optics had followed. Thus we find some of the pioneers 
of the physical or energy view of nature — notably Eankine 
and Joule in this country, Eedtenbacher and subsequently 
Clausius abroad — engaged in translating the properties 
of heaFmtdTnnohanical analogies.^ It was not thought 

1 Bosenberger, iu his ‘ Geschichte volumes on ‘Die mechamsche 
der Physik ’ (vol. iii, p, 560, &c.), "Warmetbeorie,’ 2nd ed.j 1876, &c,), 
gives a number of references to admits, nevertheless, in a paper 
theories mostly forgotten which published in 1857 (Pogg. ‘Ann.,’ 
were published before and after vol. c., and ‘ Meehan. Warmetheor.,’ 
the year 1850, Clausius, who vol. iii. p. 1, &c.), that “from the 
keeps his mechanical theory of beginning of his researches refer- 
heat quite separate from his kinetic ring to heat he had attempted to 
theory of gases (see the three account to himself for the internal 
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essential, but it was found to be convenient — mainly for 
didactic purposes — to elaborate such analogies, explaining 
or describing the less known by that which is more 
familiar. Regarding the value of such attempts there 
have always existed two opinions. I have had occasion 
to refer to them when explaining the atomic theory. 
There were those who looked upon that theory merely 
as a convenient symbolism, and there were those who 
looked upon atoms and molecules as really existing 
things. The latter view has gained force and importance 
through the necessity of more and more elaborating the 
atomic hypothesis in order to represent not merely the 
chemical constitution of compounds, but likewise their 
manifold physical differences, some of which, in fact, 
could only be described by geometrical conceptions. I 
need only refer to what I said above on the kinetic 
theory of gases, and on the property termed chirality 
manifested by some chemical substances in solution, as 
well as on the phenomena of isomerism. In the last 


state of motion of a hot body, and 
that he had arrived at a conception 
“which he , had already before his 
first publication (in 1850) used for 
various investigations and calcu- 
lations.” He further states that 
hearing through William Siemens 
that Joule had expressed a similar 
idea (Manchester Phil. >Soc., 1848 
and 1857), and more especially after 
the publication of Kronig (1856), 
he resolved to publish his views. 
It is interesting for our present 
purpose to see how Clausius, like 
Maxwell in a difierent domain of 
research, was originally guided by 
definite mechanical representations. 
It IS equally noteworthy that Lord 
Kelvin’s original researches on the 


subject of heat were quite free 
from this element, though we 
owe to him in other de]iartmenty 
some of the most suggestive kin- 
etic illustrations ; and that he has 
quite recently offered valuable 
criticisms on the attempted me- 
chanical inter.uretatio5* of " the 
second law of thermo-dynamics (see 
p. 112 of Bryan’s Report, quoted 
above, p. 176, note). Also the 
first English treatise on thermo- 
dynanims written for didactic pur- 
poses (Tait's Sketch, 1868) contams 
no reference to molecular theory, 
and Him, one of the most active 
workers in the region of experi- 
mental proofs, kept clear of it* 
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ehapteij while dealing specially with the kinetic view 
of natural phenomena, I had again occasion to refer to 
the opinion which has latterly crept into mechanical 
explanations — namely, that they are to be looked upon 
merely as symbolical, an opinion which did not enter the 
minds of the original propounders of the vibratory theory 
of sound and light, and which some eminent natural 
philosophers to-day strongly oppose. An opposite fate 
seems to have befallen the mechanical hypothesis in 
chemistry and in physics. Whilst Dalton's atoms were 
accepted with hesitation, the further elaboration of the 
atomic view has made it almost impossible to resist it 
as a physical reality; whereas the necessary complica- 
tions introduced into Young's undulatory theory in 
order to make it cover electro - magnetic phenomena 
have given it the appearance of unnaturalness and arti- 
ficiality — so much so that Maxwell himself abandoned 
the line of reasoning which led him originally to his 
fundamental formulae, and contented himself with more 
general considerations derived from the conception of 
energy. 

The conceptions which are expressive of the view dealt 
with in this chapter — the energy ideas — have had a 
similar fate. There have been those who have inter- 
preted* tEiTview-to-mean that all phenomena in nature 
can be translated into the language of mechanics : they 
have accordingly been stimulated to invent all manner 
of kinetic contrivances by which light, heat, electricity, 
and chemical action can be represented. Others have 
interpreted the equivalence of all forms of energy to 
mean that kinetic energy is only one of the forms in 
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which this quantity can appear : they have thus exerted 
themselves to find such general properties as belong 
to all the forms in which energy presents itself to us. 
They look upon energy as a much more general con- 
ception than motion, and they think it a mistake to 
try to narrow the conception so that it can only mean 
the energy of attraction and repulsion (the astronomical 
view), that between the ultimate particles of matter 
(the atomic view), or the energy of various forms of 
motion (the kinetic view). 

On the purely scientific side the mechanical view has 
much to say for itself, and can point to achievements 
which recommend it as a fruitful method of progress and 
research, and as even more fruitful for the purposes of 
instruction. It can claim to give in many instances an 
apparently easy account of the common-sense or obvious 
properties of bodies, and it gives this account in terms 
which lend themselves to strict definition, to measure- 
ment, calculation, and prediction of phenomena ; it 
destroys all vagueness, and adopts, as it also stimulates, 
mathematical, which is the most cogent kind of reasoning. 
The kinetic theory of gases and the vibratory theory of 
light are notable examples. The ideas of energy and the 
remarkable properties of the lowest form of energy — 
i,e., of heat — became gradually clearoi" and lost"' their 
strangeness as potential energy came be defined as 
energy of position, available (or energy as the 

kinetic energy of regular or ordoidy, unavailable (or 
bound) energy as that of irregular or disorderly motion, 
and when the strange quantity termed entropy, which 
Clausius and Eankine strove in vain to bring home to 
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the general scientific intelligence, revealed itself as the 
measure of the disorder which prevails in the motion of 
the ultimate material elements of a system.^ Faraday's 
lines of force and the whole elaborate imagery invented 
and afterwards discarded by Maxwell to describe the 
interaction of magnets, electric currents, and charged 
bodies, have proved to be most valuable instruments of 
thought — a useful scientific shorthand — in the hands of 
the teacher, as in those of the practical electrician. And 
although the illustrious propounder of the vortex-atom 
theory of matter seems latterly to have discouraged the 
use of this kinetic contrivance as not likely to lead 
to any great revelations regarding the ultimate constitu- 
tion of matter or the nature of the imponderable,^ the 


^ Helmholtz, in liis first memoir 
on the tlierrno-flynamics of chemi- 
cal processes (‘Sitzungsberichte der 
Akademie zu Berlin,’ 2nd February 
1S82), after having established the 
formulje for the free energy in iso- 
thermal processes without reference 
to kinetic hypothesis, concludes his 
exposition with the following re- 
marks : “ We require, finally, an 
expression in order to be able to 
distinguish clearly what in theoreti- 
cal mechanics is termed vis viva or 
actual energy from the work equiva- 
lents of heat, w'hich are indeed 
^o&tly to be regarded likewise as 

tion. Iwoulo^ggelit' 'Dhat'"'the 
former should be siallm the vis 
viva of orderly mfetiom I call 
orderly all motion iK which the 
compounds of velocity of the 
moving masses are diftsKotiable 
functions of the space eo-or^ates. 
Disorderly motion wouhl then rflean 
all motion m which the motion of 
each particle has no similarity to 
that of its neighbours. We have 


every reason to believe that heat- 
motion is of the latter kind, and one 
might in this sense regard entropy 
as the measure of disorder. For 
our means, which compared with 
molecular structure are coarse, only 
orderly motion can be freely con- 
verted again into other forms of 
mechanical work ” C Wissenschaftl. 
Abhandl.,’ vol. ii. p. 972). 

^ “I am afraid it is not possible 
to explain all the properties of 
matter by the vortex-atom theory 
alone — that is to say, merely by 
motion of an incompresfcible fluid ; 
and I have not found it helpful in 
respect to crystalline configurations, 
or electrical, chemical, or gravita- 
tional forces. ... We may expect 
that the time will come when we 
shall understand the nature of an 
atom. With great regret I abandon 
the idea that a mere configuration 
of motion suffices” (Ijord Kelvin, 
quoted by Prof. S. W. Holman in 
‘ Matter, Energy, Force, and Work,’ 
New Yuik, 1898, p. 226). 
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foremost intellects are still busy in working this to 
them promising vein of reasoning.^ 

The opponents of the kinetic, mechanical, or material 
views of natural phenomena have always existed : in the 
early years of the century they described their view by 
the word dynamic/’ At that time it was the atomic 
theory they principally objected to. Eut their criticisms, 
though not without use in exposing the limited nature 
of all mechanical explanations, failed to yield any fruits, 
inasmuch as they moved in vague expressions and did 
not lend themselves to that powerful method by which 
alone the conquest of nature has been effected, viz., mathe- 
matical reasoning, combined with observation. 

The more recent critics of the mechanical interpreta- 
tion of physical phenomena, among whom I will only 
mention Prof. Ostwald of Leipzig, Prof. U. Helm of 
Dresden, and Prof. Ernst Mach of Vienna,^ are fully 


1 “ With reference to the vortex- 
atom theory, I do not know of any 
phenomenon which L manifoatly 
incapable of being explained by it ; 
and personally I generally endeav- 
our (often without hucccss) to 
picture to myself some kind of 
vortex-ring mechanism to account 
for the phenomenon with which I 
am dealing, ... I regard the 
vortex-atom explanation as the gaol 
at which to aim,” &c. (Prof. J. J. 
Thomson, quoted ibid.) 

^ Prof. Ernst Mach is the earliest 
of these writers and had worked on 
quite independent lines before the 
other two names began to figure in 
scientific literature. His criticisms 
refer both to metaphysical and 
mechanical thooiies. His poisition 
is original and unhjue, and his 
writings, which are a splendid 
example of critical and historical 


analysis, have been invaluable to 
me. His earliest important essays 
date from the year 18712 (‘ Die 
Ge.schichte und die Wurzel des 
fiaizes von der Erhaltung der 
Arbeit,’ and ‘Hie Gestalten der 
Flussigkeiton,’ Prag). They are 
now generally accessible, having 
been collected and translated 
(under the title ‘Scientific Lec- 
tures,’ Chicago, 1895) by Prof, 
T, J, jVPOonnaok. His ‘ Science 
Mochanicp,! (trapslaieu by the same 
author from I ho second German 
edition, London and Chicago, 1893) 
has, ever since its first ajq>earance 
in 18S3, had a great mfiuonce in 
Germany * and latterly also in this 
country, as may be seen from such 
works a.^ Prof. Karl Pearson’s 
‘Graminur of Science’ (Ist ed., 
1892, 387), and notably from 

Prof, Love’s ‘Dynamics’ (p. 85). 


51 . 
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aware of tlie importance of mathematical presentation of 
their doctiine, and the two former have in fact done 
more than any one else to introduce mathematics into 
chemistry. But they maintain that their exact treatment 
is not arrived at by introducing hypothetical quantities 
such as the atomic and other theories are founded upon, 
but by contenting themselves with measuring such quan- 
tities as are presented directly in observation, such as 
energy, mass, pressure, volume, temperature, heat, elec- 
tric potential, &c., without reducing them to imaginary 
mechanical or hinetic quantities.^ To what extent they 


A great many aspects of physical 
science which have been more 
piommently brought forward by 
the modern school of “ Ener- 
getics ’ are to he found discussed 
in Mach’s much earlier writings. 
To his valuable ‘ Prmcipien der 
Wannelehre ’ (Leipzig, 1896) I have 
fre(iuently had occasion to refer in 
thi>s chapter. 

^ In recent discussions and 
treatises two distinct tendencies 
must be distinguished. First we 
have the veiy useful effort to bring 
about a correlation of the differ- 
ent departments of physics and 
chemistry, including their applica- 
tions in industry and in physi- 
ology, by the introduction of the 
conception of energy and the 
principles of its conservation and 
transformation. This dates prac- 
the publication of 

Thonasali'" "and -Xait’s ^Natural 

Philosophy.* The theoretical 
foundations of this undertaking 
have been very fully discussed, 
notably in Germany. I mention 
only the valuable series of writ- 
ings of Prof. Max Planck, a list 
of which is contained at the end 
of his ‘ Thermodynamik ’ (Leipzig, 
1897). They begin with his prize 
essay (‘Das Princip der Erhaltung 


der Energie,’ 1887) and his earlier 
dissertation (Munich, 1879) ‘‘ On 
the Second Law.” Out of this an- 
other endeavour has grown. The 
aim is to make the conception 
of energy the fundamental notion, 
and by following its physical ap- 
pearance 111 its different forms, 
to arrive at ceitain fundamental 
relations expressed in equations, 
which are to serve as the ba&is 
for calculation, as in conventional 
physics the dynamical equations 
formed the starting-point for the 
various physical theories. In this 
more radical scheme the (Quantity 
“ energy ” was to play a part similar 
to that which the quantity “ force ” 
played in Newtonian dynamics. 
This method was probably sug- 
gested by the novel mode of 
treatment invented originally for 
heat - problems by Lord Kelvin 
and by Clausius, and most strictly 
adhered to by the former. The 
isolated character of this classical 
thermo dynamics can be got over 
either by introducing a kinetic 
hypothesis on the nature of heat 
or by extending the method of 
thermo-dynamics to other physical 
provinces. The former was the 
most plausible view ; it has its 
origin in the writings of Kankine 
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may succeed in doing this consistently seems at present 
uncertain. It has been maintained that the very 
elements of all physical measurement, the independ- 
ence of the three dimensions in space, necessitates us 
to supplement the energy-conception — which by itself 
includes no more reference to direction than the con- 
ception of mass — by an assumption of a purely mechani- 
cal nature such as the number of degrees of freedom, 
and that the much-discussed correlati<m of all forms of 


energy, as it is suggested by 
be usefully earned farther. 

aucl Clausius. The lattei' method 
grew out of the gradual aiiplicalion 
of thermo ■ dynauucs to chemical 
phenomena, where the mechaiHc.il 
treatment had turned out to be 
powerless. This more aiuhitious 
scheme of remodelling the whole 
of physics, chemistry, and me- 
chanics on the model of the 
classical thermo - dyuamics thttCH 
from the year 1887, when Prof. 
Georg Helm published his first 
treatise (‘Hie Lehre von cler Jtlu- 
ergie,’ Leipzig) and revived the 
word “ energetics ” invented by 
Raiikine. Subsequently he pub- 
lished his application to chemistry j 
(‘Grundzuge cler mathematischen | 
Chemie,’ Leipzig, 1SD4), very j 
much under the iniluence of j 
Willaid Gibbs’s studies of chein- | 
ical equilibria and Huhem’s elab- | 
oration of Helmholtz’s conception 
of free energy. His last work 
(‘Die Energetik,’ Leipzig, 18l>8) ! 
gives a history of the gradual 
purification of the energy concep- 
tion from mechanical admixtuiHiH, 
into which all earlier writers on 
the subject except Lord Kelvin 
are shown to have lapsed, and 
attempts a reconstruction of me- 
chanics on “ energetic ” princnples, 
defending the author’s position 


W. Gilibs s foriijulie, caiinut 
Tliis cuiTclutioii ^ lius been 

against vurjoUo cnl iciisni.^ which 
had mean tune been m.uh*. 

^ The great geneialrNilum ui the 
.science of eu ergo tics refer’red to in 
the text wuvS tirst exphcitlj put 
Ibrth by Hcdm in his treatise of 
1887. He himself tliat he 

thcie fiiiidly hrouglit togetlier sug- 
gest.ions made in various ways by 
iieuiier (180d), Mach (1871), Gibbh 
(1875), Maxw'eJl(l875), Von Oettm- 
gen (1885), and l^ipper (188*1;, and 
expressed them in the form of a 
general principle. '^Phe tw'f> factors 
into which all energy cun be sep- 
arated are called by various suli- 
setiucnt writerh intensity, potential 
level on the one side; exten.sity, 
capacity, wtaght , on the other. 
In spite of further expositions of 
Helm in 18U0 the sulqect did not 
attract nmcdi att<‘ntion till Prof, 
Ustwald intnalueeil it in a sJjgMriy^ 
modified lonn is» Ihe second edition 
of luM great work on physical chem* 
istry (IHlKi), making it the foumia- 
tion of tlie diw'tnue of affinity. 
He had e.vithaitly, between the 
first and second <*ditions, given up 
the mee.hanieal for the “ener- 
getic treatment of the su)>ject 
(see, mUtr a!h, note 2, p. 114, 
of the 2nd edition; vol. ii. p. 12). 
At the meeting of the German 
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placed at the sumiiiit of the modern theory of energetics 
by Helm and Ostwald, after earlier writers, such as 
Zeuner and Mach, had already used it or drawn atten- 


‘‘ Naturforscherversammluiig,” held 
at Vienna in 1894, a committee 
was appointed to report in 1895 
at Lubeck on the “actual position 
of energetics,” and the introduc- 
tion of the subject was put into 
the hands of Dr Helm. His ad- 
dress and the discussion which 
followed have been given in extract 
in the published ‘ Verhandlungen ’ 
(vol ii. part 1, p. 28, &c.), and 
since continued in ‘Wiedemann’s 
Annalen,’ vols. Ivii. et seqq. Simul- 
taneously, however, the subject 
received a much more fundament- 
al or philosophical development 
through Prof. Ostwald’s general 
address at Lubeck with the some- 
what polemical title “Die Ueber- 
wmdung des wissenschaftlichen 
Materialismus.” From that mo- 
ment the mechanical view of 
nature bore the stigma of ma- 
terialism, to which the other 
side replied by attaching to the 
new or energetic view the stigma 
of “ metaphysical ” (see Planck, 
‘Wied. Ann.,’ voL Ivii. p. 77) as 
being scientifically vague and 
useless. It cannot be said that 
the whole matter has yet been 
fully discussed or fathomed. Prof. 
Boltzmann, Prof. Carl Neumann, 
and Dr Helm have treated the 
questions at stake with much 
patience, and have made valuable 
approaches to a mutual ""under- 
standing. The various contrib- 
utions are most fully discussed 
in Helm’s latest work, ‘Die En- 
ergebik ’ (Leipzig, 1898). Some of 
those who originally assisted in 
introducing the energetic treat- 
ment have since refused to go the 
length of Helm’s and Ostwald’s final 
generalisations, though they prefer 
— for the purpose of the treatment 


of thermo-dynamical and chemical 
problems — the phenomenological 
method, admitting at the same 
time the usefulness of the atomic 
and mechanical hypotheses, though 
some do not lof>k upon them as 
indispensable. This phenomeno- 
logical view, which deals only 
with observable and measurable 
quantities, in contradistinction to 
the atomic and kinetic views, 
is largely represented by Prof. 
Nernst (see his ‘ Theoretical Chem- 
istry,’ translated by Palmer, 
London, 1895, p. 22), and by 
Prof. Planck (see his ‘ Thermo- 
dynamik,’ Leipzig, 1897), though 
the latter considers it merely 
provisional, a stepping - stone m 
the direction of a mechanical 
view (p, V, preface). Prof. Boltz- 
mann has summed up the position 
from a general point of view m 
his address at Munich in 1899. 
He there very lucidly defines the 
mechanical, energetic, and pheno- 
menological positions, admitting 
the usefulness of all three, but also 
points out the fundamental diffi- 
culties into which a one-sided and 
exclusive development of any of 
them unavoidably leads us. Hav- 
ing himself done so much in ap- 
plying atomic theories, he con- 
cludes by saying that “the 
numerous conquests of the atomic 
doctrine cannot be won by pheno- 
menology or energetics,” and main- 
tains “that a theory which yields 
something that is indexiendont 
and not to be got in any other 
way, for which, moreover, so many 
physical, chemical, and crystallo- 
graphic facts speak, must not be 
combated but further developed” 
(‘ Verhandlungen der Versarnm- 
lung zu Miinchen,’ 1899, p. 121). 
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tion to it. It can be set out in the statement that 
wherever energy shows itself it appears as composed of 
two factors — the intensity and the capacity factors. 

These terms, borrowed from the older theories of heat 
and electricity, measure the cjuaiitity of energy as well as 
the direction in which changes of energy take place : the 
general law being that energy, in whatever form it 
may appear, tends to go from places of higher to places 
of lower potential or intensity. 

The characteristic feature of this most recent outcome ^>2 

The out. 

of the physical view of natural phenouiena is that it 
takes in real earnest the suggestion at which many 
natural philosophers have independently arrived, that 
energy is a substance tpiite as iniudi as matter. I'liis 
granted, it seems at least reasonable to some thinkers to 
see how far they can get by employing the two con- 
ceptions of matter and energy alone witliout adopting 
a third something, the ether, which was introduced at 
a time when the idea of tlie conservation of energy 
had not yet been formulated.^ 

^ For an indication of the further ' energy to Ikj a real thing, indeed 
development of this point of view I the only real thing in the Ho-ualled 
must refer the reader to the chapter outer w'^irld, there is no need to 
on Photo - chemistry in Prof. Ost- inquire for a carrier of it when w'e 
wald's great work (‘Allg. Chemie,’ find it anywhere. Thih enables us 
2nd ed., vol. ii. part 1, p. 1014, &:c.) to look tipon radiant energy as in- ^ 

“In the interest,” he says, “of a dependently <‘\tsUiig in space., yVe 
conception of nature which is free 1 have found in the gt‘tnjral law of 
from hypotheses, we must ask i intensity — in the enipincal 
whether the assumption of that i fact that energy letids to efiualiwe 
medium, the ether, is unavoidable. | forced ebanges of its densify in 
To me it does not seem to be so, ’ .space — the ju-inciple nccoi'ditig to 
If we ask for the cause of all dis- ' winch transniLsiion of energy in 
placements of energy in space | space necesHarily takes place when 
which we can singly observe, wo i th<jro appo.ars anywhere an excess.” 
find that it always consi'»ts in differ- : Frcan this and other passages of 
encGs of intensity. . , . The main IVof. OsiwaldV ■writings it seems 
point is that, having conceived a« if muss likewise was to be given 
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53. But whilst the question as to the true method of 

eeent ^ ^ 

■oimc view research is still being ventilated abroad, as it 

has recently begun to be in this country also,^ the 
mechanical conceptions of atoms and ether have quietly 
gained new victoiies. At the end of the last chapter 
I related how, in the hands of Maxwell and his fol- 
lowers, the word “ electricity ” gradually lost its sub- 
stantial meaning, so that there remained only the con- 
ception of a state of motion or stress in the electro- 
magnetic field, it being difficult to assign a definite 
sense to the term, an electric charge. That those who 
were brought up under the ideas of Coulomb and Weber 
would naturally regard this as a defect has also been 
noted. Still more had the substantial nature of elec- 
tricity been forced upon those who studied the electro- 
lytic action of solutions and currents, the wandering of 


up as a secondary phenomenon of 
energy. See Boltzmann, loc. cit, 
la.st note, p. 114, &c. ; also, inter 
aha, Dr E. Pauli, ‘Der erste und 
zweite Hauptsatz,’ Berlin, 1896, 
preface. 

^ The discussions which began in 
Germany in the year 1895 at the 
meeting at Luheck, and ha-ve, after 
being continued at subsequent 
meetings, and in the volumes 
of the ‘Annalen der Phy&ik und 
Cheinie,’ come to a kind of stand- 
still by the exhaustive treatise 
of Helm"^ou the one^ide ^ and 
by Boltzmann’s summing up on 
the other, do not seem to have 
attracted much attention in this 
-country. Interest in the subject 
was, however, latterly aroused 
by two criticisms of the princi- 
ples of scientific method coming 
from entirely different quarters. 
The first, which was of a purely 
philosophical character, was con- 


tained in Prof. James Ward’s ‘Gif- 
ford Lectures’ (1896-98), published 
in two volumes with the title 
‘Naturalism and Agnosticism.’ 
The other was an Address deliv- 
ered by M. Poincare at the 
Congress of Physicists in Paris in 
1900. In consequence, the subj'ect 
of the legitimacy of the various 
physical principles, such as action 
at a distance, atomism, kinetic and 
ether theories, the use of mechanical 
models, and many kindred ques- 
tions, have been discussed in the 
Addresses of Poynting (1899), Lai'- 
mor (1900), and Rucker (1901), 
before the British Association, with 
a very emphatic attestation of the 
usefulness and indispensableness of 
the atomistic theory regarding the 
constitution of matter, and the 
view that a continuous ether is 
the carrier of all physical actions 
through space. 
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the ions, and how, during the process, wandering atoms 
gave up or lost a definite something — viz., their electrical 
charges. It seemed impossible in this case to do without 
an atomic or molecular view of electricity. Accordingly, 
Helmholtz, in his celebrated Faraday Lecture (1S81), 
after having traced the gradual displacement of the 
Weberian theory of electrical particles acting at a 
distance by that of Faraday, feels himself constrained 
to say : “ I see very well that the assumption of two 
imponderable fluids of opposite q^ualities is a rather 
com])lieated and ariiiicial machinery, and that the 
mathematical language of Clerk Maxwell’s theory ex- 
presses the laws of the phenomena very simply and 
very truly ; . . . hut T confess I should really be at a 
loss to explain . . . what he considers as a quantity 
of electricity, and why such a quantity is constant, like 
that of a substance.” And further on he says : “ If we 
accept the hypothesis that the elementary substances 
are composed of atoms, we cannot avoid concluding 
that electricity also ... is divided into definite 
elementary portions, which ])ehave like atoms of elec- 
tricity.” 

I besides the phenomena of chemical decomposition, 
there was another very large and important class of 
phenomena which gradually led up to the conception 
of the substantial and atomic nature of electricity. 
This tmovince of independent, and for a long time 
isolated, research was opened out by the combined 
genius of Pluckor and Geisslei*. It was in the year 
1857, two years before the announcement of the dis- 
covery of spectrum analysis, that Plucker, with the 
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aid of the now well-known vacuum tubes of Geissler,^ 
of Bonn, began that long series of experiments on the 
discharge of electricity in rarefied gases, on the influence 
of magnets upon the course of the luminous rays, and on 
the spectra of incandescent gases, which subsequently, 
in the hands of Sir William Crookes ^ in this country, 
of Hittorf, Goldstein, Elster and Geitel, and of Giese in 
Germany, and of a great number of other natural phil- 


^ See the Memoir of Plucker in 
the ‘ Annaleii der Pliysik und 
Chemie' (1857) ; “ Ueber die Ein- 
wirkung des Magneten auf die 
elektrischen Entladungen in ver- 
diinuten Gaseii ” (reprinted in 
‘ Gesammelte wissenschaftliche Ab- 
handlungen,’ vol. ii. p. 476, &c.) 
Before Plucker took up the investi- 
gation with improved means of 
exhaustion (later perfected by the 
well-known Spreugel pump), several 
French experimentalists — notably 
Quet, Gassiot, and Abria — had in- 
dependently marked the difference 
of the light near the positive and 
negative poles, mostly in ignorance 
of the observations recorded by 
Faraday in his early “ Experi- 
mexital Kesearches,” as far back 
as 1888, 'referring to the “dark 
discharge.” Lord Kelvin, in his 
Presidential Address before the 
Eoyal Society (November 1893), re- 
fers to the researches of Faraday, 
and to a long list of contributions 
to the same subject contained in the 
Proceedings and Transactions of 
the Royal Society. Except -l^ose 
of Faraday, they are all later 
than Plucker’s earliest papers. 
Lord Kelvin himself says: “Fifty 
years ago it became strongly im- 
pressed on my mind that the differ- 
ence of quality between vitreous 
and resinous electricity, ... es- 
sentially ignored as it is in the 
mathematical theories . . , with 
which 1 was then much occupied 


(and in the whole science of mag- 
netic waves as w’e have it now), 
must be studied if we are to learn 
anything of the nature of electricity 
and its place among the properties 
of matter. ” Cf . the words of Hit- 
torf (Pogg. ‘Ann.,’ vol. cxxsvi. p. 1), 
quoted by Rosen berg er, ‘Geschichte 
der Physik,’ vol. iii. p. 778. 

2 The experiments and discov- 
eries of Sir W, Crookes on “ Radiant 
Matter,” beginning with his paper 
in the ‘ Transactions ’ in December 
1878, and continued in many sub- 
sequent communications, as also in 
his Address before the Brit. Assoc, 
in 1879, especially his theoretical 
explanations based upon concep- 
tions taken from the kinetic theory 
of gases, made a great sensation and 
led to much discussion in this coun- 
try and abroad. The term Radian t 
Matter was adopted from Faraday 
(see Rosenberger, Zoc. cU.^ vol. iii. 
p. 7.79). The corpuscular theory 
of light was not indeed revived ; 
but in general, after much criticism, 
Crookes’s views have to a large ex- 
tent been adopted ; and if not the 
corpuscular theory of light, cer- 
tainly that of electricity has been 
greatly supported by these brilliant 
experiments. See J. J. Thomson in 
the Princeton Lectures (1898), p. 
189 Prof. Kaufmann’s 

Address, delivered at the Hamburg 
meeting in September 1901 (trans- 
lated in the ‘ Electrician ’of Nov- 
ember 8, 1901). 
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osophers, revealed a large array of strange and startling 
phenomena, which have latterly been brought somewhat 
into line and order by the researches of Prof. J. J. Thom- 
son,^ of Cambridge. A great many half- forgotten facts 
and experiments, which did not fit into the regular pro- 
gramme of electrical science or practice as it had been 
elaborated by the older doctrine of Coulomb and Weber 
on the one side, or by the more modern of Paraday and 
Maxwell on the other, were collected and shown to 
throw quite a new light on the processes of radiation 
and electrification, and on the relations of the atoms of 
ponderable matter to the vacuum, now looked upon as 
filled with a continuous substance, viz., the ether. The 
older views of the two electricities, brought before 
the eye by the celebrated figures of Lichtenberg ; ^ 
many isolated facts connected with the electric spark 
and staticah electricity, such as were collected by Riess 
seventy years ago, or demonstrated in the hydro-electric 
machine of Armstrong ; theories, many times abandoned 


^ ImpresRed with the importance 
which attaches to the plienomena in 
question for a further development 
of the theory of electricity founded 
by Faraday and Maxwell, Prof. J. J. 
Thomson, in his ‘ Kesearches/ pub- 
lished in 1893 as a sequel to Max- 
well’s great treatise, devoted a 
long chapter to “The Passage of 
Electricity through Gases,” His 
own celebrated contributions to 
this subject, after having been 
published in the * Philosophical 
Magazine,’ and brought before the 
Dover meeting of the British As- 
sociation in 1 899, are now summar- 
ised in his lectures on “The Dis- 
ch<irge of Electricity through Gases” 
(1898). A very interesting caxdicr 
summary of the researches of 


others as well as of their own by 
Elster and Geitel, will be found in 
the ‘Aiinalen der Physik’ (1889), 
vol. xxxvii. p. sqq. 

2 W^'liilst the diSerenees between 
the discharges from the positive and 
negative terminals, after having 
for a long time been looked upon 
as isolated curiosities of electricp^' 
science, were being taken --Up and 
studied in connection with the 
subject here referred to (see J, J. 
Thomson, Ulesoarches,* p. 172 
Lord Armstrong, during the past 
ten years of his long and eventful 
life, carried on a series of experi- 
ments on a large scale, and with 
very powerful specially designed 
apparatus, on ‘ Electrical Discharge 
in Air and Water * (1896). 
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and as often revived, like that of Front/ on the con- 
stitution of matter; the fanciful speculations of Zollner, 
based upon the views of Wilhelm Weber, — all these 
scattered fragments or glimpses of knowledge promise 
at the end of the century to come together into a con- 
sistent theory of the nature of electricity as an atomi- 
cally - constituted substance which is associated with 
particles of ponderable matter, or may even be the 
ultimate constituent of such matter itself. When a 
large mass of experimental facts and many lines of 
special reasoning gradually converge towards a common 
view, two things are indispensable in order to weld them 
into a consistent whole, viz., a new name or vocab- 
ulary and an hypothesis as to the elementary processes 
which will allow of a simple construction and subsequent 
mathematical calculation of the more complicated phen- 
omena of actual experience. In the case before us, both 


^ See the concluding chapter of 
Prof. J. J. Thomson’s * Discharge of 
Electricity through Gases’ (espe- 
cially p. 197, &c.), where, after dis- 
cussing Goldstein’s ether” theory 
and Crookes’s “corpuscular” theory 
of the nature of the celebrated 
cathode rays, he, mainly on the 
strength of his own and Lenard’s ob- 
servations and calculations, inclines 
towards the latter theory, conclud- 
‘iljg that the carriers of the negative 
charges^ of ^electricity “are small 
compared with ordinary“^ms or 
molecules, . . . this assumption 
being consistent with all we know 
about the behaviour of these rays.” 
“It may,” he continues, “appear 
at first sight a somewhat startling 
assumption in a state more sub- 
divided than the ordinary atom; 
but a hypothesis which would in- 
volve somewhat similar assumptions 


— namely, that the so-called ele- 
ments are compounds of some 
primordial element — has been put 
forward from time to time by 
various chemists. Thus Prout be- 
lieved that the elements were all 
made up of the atoms of hydrogen, 
while Sir Norman Lockyer has ad- 
vanced weighty arguments founded 
on spectroscopic considerations in 
favour of the composite nature 
of the so-called elements. With 
reference to Prout’s hypothesis, 
if we are to explain the cathode 
rays as due to the motion of small 
bodies, these bodies must he very 
small compared with an atom of 
hydrogen, so that on this view the 
primordial element cannot be hydro- 
gen.” See also Sir W. Crookes’s 
protyle theory referred to, vol. i. 
p. 402, note 2, 
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requisites were supplied before the close of the century. 
Here and abroad, the term electron, introduced by Dr 
Johnstone Stoney ^ about ten years ago, has been gener- 
ally accepted to denote the ultimate particle of elec- 
tricity, the atom of electricity — positive or negative — 
of Helmholtz. Mathematical theories have been worked 
out independently abroad by Prof. H. A. Lorentz ^ of 
Leyden, and in this country by Dr Joseph Larmor ^ of 


Cambridge.^ 

^ See ‘Briti&h Association Report,’ 
1891, p. 574, “On the Cause of 
Double Lines in Spectra,” by G. 
Johnstone Stoney : “The lines of 
the spectrum of a gas are due to 
some events which occur within 
the molecules, and which are able 
to alfect the ether. These events 
may be Hertzian discharges be- 
tween molecules that are differ- 
ently electrified, or they may be 
the moving about of those irre- 
movable electric charges, the sup- 
position of which offers the simplest 
explanation of Faraday’s law of 
electrolysis. . . . Several consider- 
ations suggest that the source of the 
spectral lines is to be sought not 
in the Hertzian discharges, but 
in the carrying about of the 
fixed electric charges, which, for 
convenience, may be called the 
electrons.” 

® Prof. Lorentz ’s principal writ- 
ings are the two memoirs, “La 
Thdorie ^lectromagndtique de 
Maxwell et son Application aux 
Corps mouvants” (Leyden, 1892), 
and “Versuch einer Theorie der 
electrisoheu und optiachen Erschei- 
nungen in bewegten Korpern ” 
(Leyden, 1895). His first labours, 
indeed, go back to the year 1880. 

^ Dr Larmor’s principal publica- 
tions are, “ A Dynamical Theory of 
the Electric and Luminiferous Med- 
ium” (* Philos. Transactions,^ 1894) ; 

VOL. 11. 


Part li., “Theory of Electrons,” 
1895; Part hi., “Relations with 
Material Media,” 1898 ; and Ins 
Adams Prize Essay, “ ^Ether and 
Matter, a Development of the 
Dynamical Relations of the *Ether 
to Material Systems on the Basis 
of the Atomic Constitution of 
Matter” (Cambridge, 1900). Dr 
Larmor’fe several shorter papers 
and addresses, to which I shall 
refer, are very helpful as intro- 
ducing one into this novel domain 
of science. 

■* A little later than Lorentz and 
Larmor, Dr Wiechert of Kbnigs- 
berg began (in 1898) a series of 
publications on the same subject, 
with the aim of making the Max- 
wellian conceptions more definite. 
With him, also, the problem narrows 
itself down to a reconciliation of 
the continuity of the ether with 
the atomic nature of ponderable 
matter, and of the electrical charges 
attached to it. His views, to- 
gether with a historical ana- 
lysis of the labours of his great 
predecessors. Coulomb, Ampbre, 
Biot and Savart, Neumann, Far- 
aday, Maxwell (including the 
formal simplifications introduced 
into Maxwell^s scheme by 0. 
Heaviside, Hertz, and Poynting), 
Von Helmholtz, and H. A. Lorentz, 
are very concisely set out in a 
memorial essay entitled *0rund- 

N 
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56 . 

Difficulties 
of Maxwell’s 
theory. 


The theory of Maxwell had not only failed to give a 
definite meaning to the conception of a charge of elec- 
tricity ; it had also, in the general term dielectric,” some- 
what obliterated the clear distinction between empty 
space and space filled with insulating matter, such as 
air. Empty space, i.c., space devoid of matter, was sup- 
posed to be filled with some continuous substance, the 
ether, which was the seat or bearer of electric and mag- 
netic actions, the electro-magnetic field. When the only 
clearly known property of this ether, the fact that it 
was the carrier of radiation or the luminiferous medium, 
was identified with its electro-magnetic nature — light 
being conceived to be an electro-magnetic disturbance — 
the new theory had to attack the great question of the 
relation and interaction of ether and matter, in which 
all the remaining problems of physical optics seemed 
centred.^ How was the electro-magnetic theory of light, 


lagen <ler Elektrodynamik,* pub- 
lished on the occasion ojP the un- 
veiling at Gottingen, in 1899, of 
the monument erected in honour 
of Gauss and Wilhelm Weber. It 
is interesting to see how, from ap- 
parently quite independent begin- 
nings, and in centres far removed 
from each other, the ideas of the 
atomic nature of electricity have 
almost simultaneously become crys- 
"q:<anised, and have united them- 
selves with the great experimental 
labours emanating froTiT Pliicker 
and Crookes to give rise, at the 
end of the century, to the modern 
theory of electrons. 

1 One of the most important of 
these problems is the question to 
what extent the ether takes part 
in the motion of ponderable matter 
through it. Astronomical aber- 
ration, discovered by Bradley, and 


easily explained by the then 
current projectile theory of light 
(see above, chap. vi. p. 10, note), has 
caused great dilficulty to the un* 
dulatory theory, and even Sir 
George Stokes, whose ideas on the 
subject have been very generallj’’ 
quoted and accepted, would, in his 
Burnett Lectures on Light (1883), 
say no more than that according 
to the theory of undulations . . . 
it is not inexplicable” (ed. of 1887, 
p. 25). That the electro-dynamic 
view of the ether should take up 
the problem was most natural, and 
the discussion of it is accordingly 
placed at the opening of Lorentz’s 
memoir of 1895 ; the effect of the 
motion of the earth on optical 
phenomena having already been 
treated by him in 1887. Br 
Larmor tx’eats very fully of this 
subject in the first section of his 
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or the wave theory of electricity, to deal with the prob- 
lem of ether and matter ? In this combined scheme 
what and where were the electric charges or units ? 

On the Continent the labours of Prof. H. A. Lorentz 
of Leyden, and the almost simultaneous memoir of Von 
Helmholtz, approached this subject from the side of 
certain optical problems, notably the vexed question 
w^hether the luminiferous ether is stagnant, or par- 
ticipates in the movements of ponderable matter through 
it, and the phenomena of dispersion. These writings 
have formed the beginning of a long series of theoretical 
and experimental researches, which are by no means 
concluded. In this country we must chiefly consult 
the many and highly interesting writings of Dr Larmor 
for a fundamental discussion of the numerous problems 
involved. At the same time we find there a very 
thorough criticism, appreciation, and embodiment of the 
many scattered suggestions and contributions of English 
and Continental thinkers. Dr Larmor starts from a 
beginning which is peculiar to him. He finds among 
the older theoretical discussions of the nature of the 
luminiferous ether one^ which will permit of such an 


«ssay “On iEther and Matter,” 
and W, Wien has quite recently- 
introduced it for discussion at 
the “Deutsche Naturforscherver- 
sammlung ” (Dusseldorf, 1898, Ber- 
icht i. p. 49). On the occasion of 
this discussion, Prof. Lorentz said : 
“ Ether, ponderable matter, and, 
we may say, electricity, are the 
building stones out of which we 
compound the material world, and 
if we only knew whether matter, 
in its motion, carries the ether 
with it or not, a way would have 
opened by which we could pen- 


etrate a little deeper into the 
nature of those building stones 
and their mutual action ” [loo. 
p.56). 

^ The historical traditions of Dr 
Larmor’s theory seem to lie in 
what may be called the Dublin 
school of mathematical physics, 
with the great names of Rowan 
Hamilton (vector analysis), Mac- 
Cullagh, and, in recent times, the 
much lamented G, F. Fitzgerald. 
“The form under which the 
atomic electx’io theory is intro- 
duced in Dr LarmoFs latest essay 


57 . 

What are 
electric 
charges ? 


58 . ^ 

Dr Larmor's 
position. 



196 


SCIENTIFIC THOUGHT. 


elaboration as admits on the one side the Maxwellian 
definitions of the propagation of electro-magnetic waves, 
and on the other the definition of electrons as per- 
manent but movable states of twist or strain, which 
form the atoms of electricity, and possibly, in their 
aggregate, ponderable matter itself. The history of 
thought is mainly interested in this latest and most 
comprehensive “ theory of the electric and luminiferous 
medium,” because it is almost entirely based upon that 
great advance in physical theory which we owe to 
Helmholtz and Lord Kelvin, “the discovery of the 
types of permanent motion, which could combine and 
interact with each other without losing their individu- 
ality, though each of them pervaded the whole field/’ 
This has rendered possible an entirely new mode of 
treatment,^ and at least made thinkable the reconciliation 
of the two apparently contradictory notions of modern 
physics, the continuity and uniformity of the all- 
pervading ether and the discontinuity of the embedded 
particles of matter and electricity. The history ** of 
thought also takes further note that these latest and 
yet unfinished theories revert, after the interval of thirty 


originally presented itself ... in 
the course of an inquiry into the 
•competence of the iuther devised 
by MacCullagh to serve for elec- 
trical purposes as^ well optical 
ones ” (‘^Ether and Matter,’ p. vi.) 
**No attempt was made to ascer- 
tain whether MacOullagh’s plentm 
could, in addition to its vibratory 
functions, take up such a state of 
permanent strain as would repre- 
sent the electrostatic actions be- 
tween charged conductors, or such 
state of motion as would represent 


the electro-dynamic action between 
currents. The first hint on this 
bide of the matter was Fitzgerald’s 
passing remark in 1880 (‘Phil. 
Trans.,’ “On the Electro-magnetic 
Theory of Light”), that Mac- 
Cullagh's optical equations * are 
identical with those of the elec- 
tro-dynamical theory of optics de- 
veloped by Maxwell ’ ” (p. 78). 

^ See Larmor’s Address to the 
British Association at Bradford 
(‘Report,’ p. 624). 
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years, to the older and apparently abandoned views con- 
tained in the writings of Wilhelm Weber, who dealt 
with electric particles and their actions at a distance. 
The chasm has been biidged over by such theories as 
those of Lorentz and Larmor, and the missing link sup- 
plied which prevented Gauss ^ from accepting that 
theory when it was first communicated to him by its 
author.^ 


^ See above, p. 67, note, wliere 
Gauss’s letter is quoted ; also Larmor, 
loc. cit.i and LEther and Matter,’ pp. 
22, 72 ; ‘ Philos. Transactions,’ vol. 
clxxxvi. (1895), p. 726 ; H. A. Lor- 
entz, ‘La Thdorie olectromagnetique 
de Maxwell,’ 1892, p. 71 : “ On voit 
done que, dans la nouvelle forme, 
la thdorie de Maxwell se rapproche 
des anciennes idees. On peut 
mdme, aprds avoir dtabli les for- 
mules assez simples , . , regarder 
ces formules com me exprimant une 
loi fondamentale comparable a 
celles de Weber et de Clausius. 
Cependant, ces equations coiiser- 
vent toujours I’empreinte des 
principes de Maxwell.” Further: 
Lorentz, ‘Versueh einer Theorie,’ 
&c. (1895), p. 8 : ‘‘In general 
there lies in the assumptions which 
I make in a certain sense a return 
to the older electric theory. The 
kernel of Maxwell’s views is hereby 
not lost, but it cannot be denied 
that with the assumption of ions 
we are not very far removed from 
the electrical particles with which 
one operated formerly.” Wiechert 
(‘Grundlagen der Electrodynamik,’ 
p. 108) expresses himself similarly. 
Lastly, I may refer to Prof. Eauff- 
mann’s very interesting Address 
delivered at Hamburg, Septem- 
ber 1891, translated in the ‘ Elec- 
trician’ (November 1901, p. 95 
sqq.) So we may perhaps say that 
as Larmor attaches himself to the 
traditions of the Dublin school, 


Lorentz and other continental 
representatives of the atomic view 
attach themselves to the school of 
Gauss and Weber. In proof that 
Weber’s ideas never died out in the 
Gottingen school, see Rieck’s Eloge 
of Weber, Gottingen, 1897, i> 27, 
and a very significant remark in the 
verdict of the philosophical faculty 
on Planck’s Prize Essay (‘Die Erhal- 
tung der Bnergie,’ 1887, p. 10). 

It would he unjust to dismiss 
this subject, the overwhelming im- 
portance of which becomes evident 
if we glance at the many contri- 
butions which fill the third volume 
of the ‘ Rapports prdsentes au Cou- 
grbs International de Physique ’ 
(Paris, 1900), without stating that 
the atomic theory of electricity not 
only furnishes the very keystone 
which Gauss was looking for sev- 
enty years ago, but that it has 
also stood the test of experimental 
verification in the observation by 
Zeemann of the effect of magnetism 
on the rays of light, an effect 
which Faraday sought for in vain 
about the time wheoi was in 

search of the keystone of electro- 
dynamics. A very concise and 
interesting account of Zeemann’s 
phenomenon will be found in M. 
A. Cotton’s monograph “Le Phen- 
om^ne de Zeemann” (“Scientia,” 
Phys, Mathetn., Paris, 1899) ; 
“ Comment M. Zeemann a-t-il eu 
I’idee d’dtudier avec un api>areil 
de polarisation la lumifere dmise 
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69 . The propounders of this atomic view of electricity 

Objections i. 

raised by very naturally look with little favour on those other 

atomists, ^ 

theories which, under the name of energetics or pheno- 
menology, would restrict the method of science to the use 
of only such quantities and data as can be actually seen 
and directly measured, and which condemn the introduc- 
tion of such useful conceptions as the atom, the electron, 
and the ether, which cannot be directly seen and can 
only be measured by indirect processes ; and there is 
no doubt that the century ends with a very emphatic 
assertion of the rights and the legitimacy of the atomic 
and mechanical views of nature, regarding the energy 
principle as a regulative but not, by itself, a constructive 
method of research and progress ; for, as Dr Larmor says, 
“ If a molecular constitution of matter is fundamental, 
energy cannot also be so.”^ Nevertheless though in 
many ways opposed, the two views of nature meet at 
least in one important point. Both theories have been 


dans le champ magnetique ? Ici 
encore, la theorie vint aider Tex- 
pdrience ; cette fois, c’est h H. A. 
Lorenta qne Ton est redevable du 
resultab obtenu. II est juste de 
dire que d’autres considerations, 
par exemple celle de Lord Kelvin ” 
(see Tait, Proc. Koyal Soc., Edin- 
burgh, 1876-76, p. 118) “auraient 
pu, elles aussi, probablement con- 
duire a cette d4couverte de' la 
polarisation des rates, en 

fait, cette ddcouverte a <5td faite 
grdce Tintervention de la th4orie 
des ‘ ions ’ de H. A. Lorentz. Dans 
cette theorie, dit M. Eeemann, on 
acimefc qu’il exists dans toua les 
corps de petites masses dlectrisees, 
ou ‘ions,* dont les mouvements 
constituent tous les ph4nombnes 
dlectriques ; les vibrations lum- 
ineuses seraient des vibrations de 
ces ions. L’dtat de Vdther est 


determine enti^rement par la 
charge, la position et le mouve- 
ment de ces ions, . . . M. Lorentz 
fit remarquer que les herds des 
raies diargies devaient dire pol- 
arises. L’experience permit h 
Zeemann de vdrifier cette conclu- 
sion de Lorentz’* (p. 37). 

^ ‘JSther and Matter.* p. 286: 
“One effect of admitting a mole- 
cular synthesis of dynamical prin- 
ciples ... is to depose the concep- 
tion of energy from the fundamental 
or absolute status that is sometimes 
assigned to it. ... We can know 
nothing about the aggregate or total 
energy of the molecules of a mate- 
rial system, except that its numeri- 
cal value is diminished in a definite 
manner when the system does me- 
chanical work or loses heat. The 
definite amount of energy that plays 
so prominent a part in mechanical 
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forced to consider anew the ultimate principles of all 
physical reasoning, notably the scope and validity of the 
Newtonian laws of motion and of the conceptions of 
force and action, of absolute and relative motion, as 
defined or implied in the mechanical scheme which is 
based upon them. Also with their increasing com- 
plexity ^ modern dynamical explanations have undoubt- 
edly, to every impartial observer, acquired a certain 
character of artificiality which suggests the question to 
what extent all such mechanical schemes are an expres- 
sion of actual truths or merely useful illustrations. For 
the pursuit of scientific research this question is perhaps 
of little importance : a method is a correct one if it 
leads to correct results verified by observation. Philo- 
sophically, as bearing upon the processes, powers, and 
limits of human reasoning, the question is all-important. 
We are thus led beyond the province of scientific into 
that of philosophic thought. In future chapters we shall 
frequently have occasion to note this tendency of the 
purely scientific thought of the century to lead up to 
philosophical problems. Wherever this is the case a 
history of scientific thought may legitimately close one 
of its chapters. 


and physical theory is really the 
mechanically available energy. . , . 
This energy is definite, but is not, 
like matter itself, an entity that is 
Conserved in unchanging amount. 
... It may and usually does di- 
minish, in the course of gradual 
physical changes.*’ 

^ The three volumes of the 
‘Rapports,* &c., mentioned above, 
have been significantly prefaced by 
a discourse of M. Poincard on the 
relations of experimental and ma- 
thematical physics, in which he in- 
sists upon the unity and simplicity 


of nature as the two conditions 
which make generalisations pos- 
sible and useful. With special ref- 
erence to modern electrical theories, 
such as those of Loren tz and Larmor, 
which he had already criticised in 
his course on ‘Electricitc et Op- 
tique’ (2nd ed., 1901, p. 677, &c.), 
he discusses the possibility of ulti- 
mate mechanical explanations. Of 
these, according to his view, an 
“ infinity is always possible. He 
asks what is the aim we are follow- 
ing— ‘*Ce n’est pas le mdoanisme, 
le vrai, le seul but, c*est I’unite.” 


Artificial 
character o 
modern 
dynamical 
explana- 
tions. 


61 . 

The philo- 
sophic prol 
lem raised. 
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CHAPTER VIIL 

ON THE MOEPHOLOGICAL VIEW OF NATUEE.. 

1. The different aspects of nature which I have reviewed 

The abstract . 

sciences, m the foregoing chapters, and the various sciences which 
have been elaborated by their aid, comprise what may 
appropriately be termed the abstract study of natural 
objects and phenomena. Though all the methods of 
reasoning with which we have so far become acquainted 
originated primarily through observation and in the re- 
flection over things natural, they have this in common, 
that they — for the purpose of ejcamination — remove 
their objects out of the position and surroundings which 
nature has assigned to them: that they dbstroM them. 
This process of abstraction is either literally a process of 
removal from one place to another, from the great work- 
apd store-house of nature herself, to the small workroom, 
the laboratory- ^-the experimenter; or — where such re- 
moval is not possible — the process is carried on merely in 
the realm of contemplation : one or two special properties 
are noted and described, whilst a number of collateral data 
are for the naoment disregarded. In the former case, it 
is by a process of actual or physical, in the latter by one 
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of purely mental, abstraction that our study begins and 
is prosecuted. One very powerful instrument of re- 
search, where through size and distance — be they very 
great or very small — objects of nature are beyond our 
actual reach, is given us in the diagram and the model. 

There we, for the sake of study, picture or imitate on 
a reduced or an enlarged scale the movements of the 
heavenly bodies which are too large or of the atoms 
which are too small for our actual grip. Now and 
again the natural philosopher who thus uses the 
abstract methods of experiment, registration, and cal- 
culation, is forcibly reminded that he is in danger of 
dealing not with natural, but with artificial, things. In- 
stances are plentiful where, through the elaboration of 
fanciful theories, the connection with the real world has 
been lost and scientific reasoning has been led astray, to 
be recalled to a more fruitful path only by the effort of 
some original genius living in immediate communion 
with the actual world. 

There is, moreover, in addition to the aspect of con- 2. 

’ ^ ^ ^ ConvenK^ui 

venience, one very powerful inducement for scientific 
workers to persevere in their process of abstraction, in 
the study of such things and phenomena as can he 
handled in the laboratory and the workshop, and studied 
by diagram and by model. This is the p3-aetical useful- 
ness of such researches in the arts and indijstries. In 
these we do actually abstract the possessions of nature 
from their- proper hiding-places ; we drag the minerals 
from the bowels of the earth; we cut up the timber 
of exotic growth into artificial fragments; we break 
up that natural equilibrium in which eleotrical and 
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chemical agencies have, for thousands of years, evaded 
our discovery and our regard. Having done so, we create 
an artificial world of our own making wdiich ministers 
to our wants, comforts, pleasures, and supplies that 
most inestimable of all commodities of civilisation, 
varied and stimulating work for ready hands and active 
brains. The wants and creations of artificial life have 
thus proved the greatest incentives to that abstract and 
artificial treatment of natural objects and processes for 
which the chemical and electrical laboratories with the 


calculating room of the mathematician on the one side, 
and the workshop and factory on the other, have in the 
course of the century become so renowned. All this 
great activity is — as I have abundantly shown — more 
and more governed by the scientific, the exact, or the 
mathematical spirit. 

3 . There is, however, in the human mind an opposite 
opposed to interest which fortunately counteracts to a considerable 

the spnit of 

abstraction, extent the one-sided working of the spirit of abstraction 
in science and the growing tendency towards artificial- 
ity in our practical life. This is the genuine love of 
nature, the consciousness that we lose all power if, to 
any great extent, we sever or weaken that connection 
which ties us to the world as it is — to things r6al and 
natural: it finds its expression in the ancient legend 
of the mighty. giant 'who derived all his strength from 
his mother earth and collapsed if severed from her. In 
its extreme and purest form this interest probably lies 
at the root of all poetry and all art, and it accordingly 
governs a great part of the literature and thought of the 
century. It will occupy us later on in our historical 
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survey. At present it interests us only as far as it 
asserts itself also in science. In the study of natural 
objects we meet with a class of students who are at- 
tracted by things as they are : not so much by those 
which we artificially prepare in our laboratories, as by 
the infinite variety of real forms ; not so much by the 
geometrical types which allow us to bring them together 
under some abstract formula, as by the apparent disorder 
and divine confusion in which real things are scattered 
about in the heavens and on our globe. It is not the 
general equation which in its complete solution contains 
all real and many unreal instances merely as special 
cases that interests them, but the individual examples 
themselves. The general laws of motion admit of an 
infinity of special cases which may never occur in nature ; 
organic chemistry adds daily to the already enormous 
array of compounds which do not present themselves in 
living organisms. Clearly, besides the abstract sciences, 
which profess to introduce us to the general relations 
or laws which govern everything that is or can be real, 
there must be those sciences which study the actually 
existing forms as distinguished from the possible ones, 
the here '' and there,’’ the “ where ” and how,” of 
things and processes ; which look upon real things not 
as examples of the general and universal, but as alone 
possessed of that mysterious something w^hich dis- 
tinguishes the real and actual from the possible and 
artificial. These sciences are the truly descriptive 
sciences, in opposition to the abstract ones. They are 
indeed older than the abstract sciences, and they have, 
in the course of the period under review in this work, 
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5 . 

Tlie break- 
ing down of 
old land- 
marks. 


made quite as much progress as the purely abstract 
sciences. In a manner, though perhaps hardly as 
powerful in their influence on practical pursuits, they 
are more popular ; they occupy a larger number of stu- 
dents : and inasmuch as they also comprise the study of 
man himself, they have a very profound influence on 
our latest opinions, interests, and beliefs — i.e,, on our 
inner life. It is the object of this and some of the 
following chapters to trace concisely the altered ways 
and means by which, in the course of the last hundred 
years, the study of the actual things and events of nature 
has been prosecuted. For those who wrote the history 
of the descriptive sciences in the middle of our century, 
the arrangement of this vast subject presented little 
difficulty. It had been in the main accomplished by 
the great naturalists who, during the seventeenth and 
eighteenth centuries, laboured to bring the large and 
ever increasing number of natural objects into some 
supposed system and some professed order, to enumer- 
ate them in catalogues or marshal them in museums. 
The familiar division of natural things into animals, 
vegetables, and minerals had received a general sanction. 
Separate sciences, with separate chairs at the univer- 
sities, which still survive, attended to the separate 
treatment of these subjects. One of the greatest 
changes whioh j^h^ present age has witnessed has been 
the breaking down of the old landmarks and of the 
stereotyped divisions which existed in the beginning and 
ail through the first half of the century.^ 


’ This change has also very much 
lessened the interest with which 
we now regard the solution of a 
problem which, down to recent 


times, was much discussed — the 
classification of the sciences. It 
will be seen tliat of the many prin- 
ciples of division which have been 
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If we try to specify a little more closely the age\o5^s 
and interests that were at work in bringing about tn^ 
very marked change, which, like every change of the 
kind, has been rehected by the altered vocabulary of 
our languages, we come upon two distinct influences — 


adopted, the preweiit work only i*e- 
tains that one principle which, in 
some form or other, appears in 
every attempt towards classifica- 
tion— the difference hetween the 
abstract and the concrete or actual. 
The two original philosophical sys- 
tems which France and Knglan<l 
111 the course of the century 
have produced, the positivist phil- 
osophy of Cfnnte and the phil- 
osophy of evolution of Herbert 
Spencer, have both dealt elabor- 
ately with the problem of the 
classification of the sciences. In 
this they betray their descent fiom 
the philosophy of Bacon and their 
practical tendencies. It is mainly 
in the interests of teaching that 
the division of the sciences is of 
importance ; and so here it has 
proved to be indispensable, but 
also, not unfrequentiy, narrowing 
and harmful. German philoso- 
phers, who have generally been 
more infiuenced by the traditions 
of Descartes, Spinoza, and Leibniz, 
have attached less importance to 
the rigid divisions. The result 
has been that in Germany, more 
than in any other country, those 
modern sciences have grown up 
which cultivate the borderland 
that separates the existing well- 
marked provinces which are artifi- 
cially kept up by the older chairs 
at the universities. Examples of 
this are the new sciences of physio- 
logical psychology and of physical 
chemistry, both brilliantly and for 
the first time represented at the 
university of Leipzig. The two 
great conceptions, however, which 
have probably done more than any 
others to break down the old con- 
ventional landmarks that kept 


the sciences asunder, the concep- 
tion of energy and the idea of de- 
scent, were first prominently put 
forward in this countrj". The 
classical treatise on the division of 
the sciences in the widest sense is 
the ‘ JJe Augmentis Scientiarum ’ 
of Lord Bacon. An important and 
original work on the subject is 
Andi*e l^larie Ampere’s ^ ISssai &ur la 
Philosophic des Sciences, ou Ex- 
position analy tique d’une Classifica- 
tion naiurelle de toutes les Con- 
naissances humaines ’ (1834). An 
analysis of the book is given in 
Wheu'ell’s ‘ Philosophy of the In- 
ductive Bciences,’ vol. ii., Book 12 
AmpJire’s classification, on the 
model of that in botany, is sym- 
metrical and dichotomous. Aug. 
Comte’s classification, contained 
in the second **Le 9 on” of the 
‘ Cours de Philosopliie positive * 
(1830, vol 1), is termed by its 
author “ une ^chelle ”, or “ une hier- 
archie encyclopedique.” Mr Her- 
bert Spencer, in an essay ‘ On the 
Genesis of Science ' (1854), repub- 
lished with additions in the third 
volume of his * Essays ’ (1874), criti- 
cised Comte’s attempt to classify the 
sciences ** serially. ” He more than 
any other thinker has assisted in 
breaking down the older idea, which 
was very prominent in many classi- 
fications of the great French natur- 
alists, the idea .of the subordin- 
ation of things in nature, of the 
** echelle des dtres,” and the corres- 
ponding conception of an hierarchy 
of the sciences. In the place of 
this serial arrangement, a genea- 
logical arrangement, under the 
specific term of evolution, was in- 
troduced, and the sciences wel:e 
co-ordinated according to their 
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one of which has tended enormously to broaden our 
view of natural objects and events ; the other to narrow 
it down and make it more definite, scientifically ac- 
curate, and precise. The former has tended to sweep 
away the older landmarks and divisions as inadequate 
to afford us a correct view of nature; the latter has 
tended to create new divisions and definitions, more in 
harmony with the lines on which the abstract sciences 
of physics and chemistry have been developed, and has 
thus brought the actual objects and events of nature 
more within the grasp of those exact and mathematical 
6. methods which those sciences have perfected. The former 

The spirit of , , . t , 

expioiation. has been earned on in the vast workshop of nature her- 
self by those daring and far-seeing travellers who, with 
Alexander von Humboldt at their head, have attempted 
to gain a view of nature on an extensive scale. For the 
sake of the increase of natural knowledge alone, they 
visited distant countries where the elemental forces of 
nature, undisturbed by the inroads of civilisation, have 
battled and co-operated to produce the magnificent 'floras 
and faunas of the tropics, or where, as in Siberia, the 
eternal cold has preserved intact the remains of bygone 
periods. Equipped with the instruments and methods of 
modern science, they recognised the necessity of studying 
the actual formation and stratification of rocks, the geo- 
graphical distribution of organic life on the surface of the 

genesis, the three great divisions 
being the abstract, abstract - con- 
crete, and concrete sciences. My 
readers will readily see the 
similarities and the differences 
which exist between this classi- 
fication and the, more general dis- 


tinctions which I have adopted ; 
and I remind them again that I 
am not writing a history of Science 
but of Thought, and that all 
divisions of this §reat subject are, 
more or less, arbitrary. 
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globe, or in the depths of the ocean ; of visiting the real 
dwelling-places, the habitat of living beings : thus coun- 
teracting and enlarging the narrow and pedantic views 
which the older, purely systematic, and lifeless treatment 
of natural objects was in danger of fostering. We know 
how the germs of two of the greatest generalisations of 
science were laid in the minds of Mayer and of Darwin 
during their visits to distant countries, and how fertile 
in natural knowledge of all kinds have been the voyage 
of the Challenger and many other similar expeditions, 
and with what interest and curiosity scientific and 
popular audiences listen to the narrative of such daring 
explorers as Fridjof Nansen. 

The other and much more concentrated influence, 
which from the opposite side co-operated with the labours 
of the great explorers in remodelling the descriptive 
sciences and infusing new life and vigour into them, 
has been not less marked. There has always existed 
one great interest, in which nearly all the descriptive 
branches of natural knowledge have found a common 
rallying ground and a uniting purpose — namely, the 
art of healing, the alleviation of human suffering and 
the curing of disease. During long ages, when the purely 
scientific interest was almost dead, physical and chemical 
research was created or kept alive by the physician, the 
alchemist, and the apothecary ; medical works^ Jjk# 4}liose 
of Oelsus and Galenus in antiquity ^ have been the ency- 


^ It may also be pointed out 
that Aristotle was descended from 
a family of doctors, that-^accord- 
ing to Zeller (* Philosophic der 
Grieohen,’ vol. ii., part 2)-Tthe 
assumption is warranted that 


the medical art of his father 
Nicomachus, who was the medical 
adviser and friend of the Mace- 
donian king, Amyntas, had a 
prominent influence on the mental 
development of his son." 


T. 

The medical 
interest. 
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clopedias of the existing knowledge of nature, and celeb- 
rities like Boerhaave, Linnseus, and Haller in more modern 
times have been the living centres of all the natural 
sciences. The same uniting bond has not been want- 
ing in our century, when it has again, as many times 
before, manifested its powerful influence, has brought 
together researches which were on the point of fall- 
ing asunder, and infused new life and interest into the 
driest of studies. As I have had occasion to remark 
above, the modern school of medicine originated in the 
attempt — begun by Lavoisier in France, but carried out 
on the largest scale in the chemical and physiological 
laboratories of Germany — of making the new discoveries 
8. in physical science and chemistry fruitful for medical 

Physical ^ 

apphefito treatment of pathological cases. The 

medicmo. discovery of galvanism gave probably the earliest im- 
petus, and was, to the discredit of an exacter treatment, 
largely misused in the earlier part of the century, till 
Du Bois Eeymond, in the middle of the period, based his 
elaborate researches on more correct methods, and created 
nearly all the knowledge we now possess of the electrical 
currents in the nervous system. Somewhat earlier, Liebig 
led the study of the phenomena of animal heat and of 
the food relations of the animal and vegetable kingdom ; 
the brothers Weber had introduced dynamics into the 
theory of the ration of the heart and the limbs ; whilst 
Johannes Muller and his numerous school about the same 
time laid the foundations of physiological and pathological 
acoustics and optics. Quite independently of these appli- 
cations of the mechanical and physical sciences, which led 
some over-hastily to imagine that in the doctrine of the 
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organism as a pure maeliine lay an answer to the great 
problems of life and consciousness, Tlieodor Schwann 
proclaimed about 1840, on the basis of minute micro- 
scopio observation, the essential identity of animal 
and vegetable — of all living — structure, thUvS taking 
probably the greatest step in uniting researches which 
had so far been carried on in a disconnected fashion. 
Here is the beginning of the modern tlieory of the 
organic cell — of cellular pathology, and the actual in- 
auguration of modern biology. T\venty years later, tht* 
ai)pearaiice of Ilarwin’s ^ Origin of S]>ecies ’ urged still 
further the study of the whole of organic lilVi from a 
comprehensive point of view. In adtliiiou it le<l to a 
closer union with the sciences of inorganic uaturti, an 
appeal being now made to pahcontological and geological 
records in proof of the gradual <levelopniejit of all forms 
of living as well as of inanimate rc'ality. Tlio studies 
of the geologist, which up to then ha<l been prosccute<l 
on independent lines, joined hands not only with those 
of the zoologist ami botanist, hut likewise with the 
theory of cosmological genesis of the planetary system, 
as proclaimed at tho einl of the former century by 
Laplace in his 'Exposition clu Hysieme du Monde,’ and 
fifty years earlier by Kant in his 'Natural History 
of the Heavens/ If in the course of our century^ 
through tlie combined influence of travel on the one side 
and medicine on the other, the history of natural objects 
has been united in the larger conctjption of biology, tliis 
itself at the close of the century proiuiscB to be united 
with geology and astro-physics (a science almost entirely 
founded on the invention and on the revelations of tlm 
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Herbert 
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abandoned. 


spectroscope), into the still wider conception of a general 
science of evolution, as enunciated already forty years 
ago in the writings of Herbert Spencer, and in a more 
shadowy form by Herder in the eighteenth century, and 
by Leibniz in the seventeenth. 

Seeing, then, that the treatment of the descriptive 
sciences of nature has been so radically changed during 
the course of the century, and that the change has been 
accompanied by a complete revolution in our modes of 
thinking and reasoning on these subjects, the historian of 
Thought cannot be content with merely chronicling the 
progress of the methods in use in the separate sciences, 
such as mineralogy, geology, botany, and zoology, even 
with the addition of the more recent sciences of palae- 
ontology, physiology, and comparative anatomy. He 
might in doing so fairly grasp the history of the descrip- 
tive sciences up to the year 1850. It is exactly in this 
manner that Whewell, in his ' History of the Inductive 
Sciences,’ treated this part of his subject. Beyond that 
period the old landmarks designated by those names 
have disappeared or become of secondary importance. 
On the other side, whilst a history of Evolution in 
Science might seize on the great characteristic feature 
of the more modern research which belongs to the 
second half of the century, it would hardly suffice to 
sum up the leading ideas of the descriptive branches 
of science as they were carried on on independent 
lines during the earlier years of our period. Evolu- 
tion had then no definite meaning, and Biology was 
a disregarded term. We must thus look out for some 
more general aspects which belong alike to the earlier 
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and later periods, and which will enable ns to see how 
that great change has gradually come about. 

All studies that deal with the actual things and events 
by which, on a large and on a minute scale, we are sur- 
rounded in nature, are comprised under the term Natural 
History. In opposition to Natural Philosophy, which 
comprises our abstract knowledge of the possible forms of 
motion and the possible combinations of the elements into 
which we have so far been able to decompose matter, 
Natural History deals only with such forms and combina- 
tions as actually exist around us, only with such processes 
of change as actually take place in nature. Home of those 
forms and changes wo may bo able to collect in our 
museums or imitate in our laboratories, but the forms of 
nature cannot in this way be exhausted, nor her pro- 
cesses understood. Her forms or things do not exist in 
isolation, but always in a certain environment, having a 
definite plan, a position in time and space. These sur- 
rounding features are as important as the things them- 
selves. Besides this, the processes of nature draw on 
the great factor of time with a much more libex^al hand 
than we can permit ourselves to do. Nevertheless, as in ix 

, , , , , UiviHiuu 

the abstract sciences we deal with things at rest and with 
things in motion, so we can a]>propriately divide our 
study of the real and the actual into the attempt to 
give some account of the forms and things which 
actually exist and continually recur, and the study 
of the changes which things undergo. In abstract 
science the terms statics and dynamics, the doctrines 
of rest and of motion, have been generally introduced, 
to distinguish the two great aims of study ; some cor- 
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responding terms may appropriately define the twofold 
interest which we take in natural objects. The term 
morphology ^ was introduced early in the century by 


^ The term morphology was in- 
troduced by Goethe to define a series 
of researches and studies to which 
he was led by his equal interest in 
art, nature, and human society. 
Returning from Italy, which he de- 
scribes as rich in forms,*’ to Ger- 
many, which he terms in contrast : 

gestaltlos,'’ he reports that three 
distinct problems had presented 
themselves. “ Wie die begunstigte 
griechische Nation verfahren um die 
hochste Kuust im eigeuen National- 
kreise zu entwickeln. . , . Wie die 
Natur gesetzlich zu Werke gehe, 
um lebendiges Gebild, als Muster 
alles kunstlichen, hervorzubringen. 

. . . Wie aus dem Zusammen- 
ti’effen von Noth wen digkeit und 
Willkur, von Antrieb und Wollen, 
von Bewegung und Widerstand ein 
drittes hervorgeht ... die mensch- 
liche Gesellschaft.” For the pur- 
pose of finding an answer to the 
second of these questions, Goethe 
collected and observed, read and 
speculated, and formed the con- 
ception of a general science of or- 
ganised beings, termed morphology, 
which was not to treat merely of 
external figure, but to comprise also 
physiology and the study of develop- 
ment. It is the first great attempt 
to think of nature as a wth ^ jind _ 
to break down the rigid lines which 
divided the several natural sciences. 

^ He thus inaugurated the modern 
nature by introducing the 
genei^tlrfljeieiafcrbf morphology. His 
first literary attempt in this di- 
rection w’as the now celebrated 
pamphlet on the * Metamorphosis 
of Plants,’ in which he represents 
the leaf as the typical formation 
from which the other parts of the 
plant can be derived. Whether 
this derivation is a real process in 


the sense of modern evolution, or a 
merely ideal one in the sense of the 
earlier archetypal view, Goethe does 
not clearly say. This uncertainty 
Goethe shares with the whole school 
of the “Naturphilosophie,” as Julius 
Sachs points out in his ‘ History of 
Botany’ (German edition, 1875, 
p. 170). This is not the point to 
which I want to draw attention at 
present. More important is the 
remark which Goethe makes in the 
further historical account of the 
gradual development of his morpho- 
logical ideas. W olf , the philologist, 
pointed out to him that his own 
namesake, Caspar Friedrich Wolf, 
had anticipated Goethe in the at- 
tempt to demonstrate the funda- 
mental identity of the different 
parts of a plant In the set[uel of 
his most appreciative analysis of 
Wolf’s expositions, Goethe cliarac- 
teristically notes that Wolf does 
not include in his conception the 
metamorphosis of animals,” or in- 
troduces it only as something en- 
tirely different. That Goethe’s idea 
of morphology as a general science 
of the forms and change of forms in 
nature is applicable likewise to in- 
animate forms — to geological, geo- 
graphical, and many other forma- 
^ tions, nay, even to rigid things like 
crystals, and to such unstable for- 
mations as the parts of speech and 
language — has in the course of the 
century been abundantly recog- 
nised. It is known how, guided by 
the same general interest, Goethe 
studied the formations and trans- 
formations of animals, rocks, and 
clouds, though, according to Zittel 
(‘Gesch, der Geologic,’ 1899, p. 275), 
C. F. Naumann first used the ex- 
pression, “morphology of the sur- 
face of the earth,” in 1850. Goethe’s 



ON THE MOKPHOLOGICAL VIEW OF NATURE. 


213 


one who loved above all things to watch the works of 
nature in their proper abodes — who combined the poeti- 
cal with the scientitic interest, — by Goethe. Tho term 
genesis^ has long been employed to describe the pro- 
cesses by which the actual world has come to be what 
it is. To the statical and dynamical aspects of the 
abstract sciences correspond accoi’dingly to some extent 
the morphological and genetic aspects of tlic natural 
sciences. To some extent only, for in nature, where 
everything is su1)ject to continual iluw, we never come 
upon a realisation of absolute rest, a pure form, a 
rigid typo, llatlier wouhl 1 put it in tliis way: In 
perpetual variety of change the morpliological view 
tries to define those recurring forms or ly\m which 
present themselves again and again, towards which all 
changes seem to revert ; thus Imnging some order into 


morphological writings have heon 
fur the first time fornplctoly edited 
and annotated in the three volutnen 
(tJ to S) of the i^ec<nid division of 
hife worlcH now hoing puhli.shod hy 
the Goethe- CJeKcUschaft at W'(*imar. 
The authority whom 1 a]>proa(*h 
nearcHtin the use I mahe of the term 
morphology is probably Haeckel. 
See the fir.st book of his * Generello 
IVIorphologiederOrganischenWcsen’ 
(18(56, voL i. pp. 1-108). 

^ G(»ethe’fl morphological studiea 
wove equally directed towards the 
formation and the transformation 
of living things ; morjdiology waf? 
to him the science of ** Bildung 
und Umbildung.” In the course of 
the century the ternin morphology 
and tnorphological school have come 
to mean more and more that coni* 
plex of comparative researches 
which historically prepared the 
geiietio, developmental, or evolu* 
tionist school of thought, but which 


were mainly vloininatcd by tho con- 
oeption of tixfMl type^ and ff*rmH, 
and, though searching for the laws 
of modifioathm, did not rise to a 
clear finuneiation of a theory of 
evolution and d<scont . ( locthe him- 
self hovex'cd all his life* long betweem 
an artirttu; predilection fr>r the pf‘r- 
fect ft»rm i>r mode*! and a chicqicr 
philoMtphioal conviction of the eon- 
timial th>w of tiiings. We‘c* a r<?mark 
of hU (‘ W’erke/ 11., ved. vi. ]>. 
in an aphorism on ^‘genetic tre»at- 
numt'’: ‘M<lvMt bin udi geiieigt 
mil' gtiwisac Btufe-n m elenken ; Weil 
alicr die Katur keinen Sprung 
inacht, bin ich r^ulelKt geudfchigt mir 
die Fedge einer unuuterbrochenen 
Thiltigkeit als ein OansscH anr.u* 
schauen, indein ich das Einzehu* 
aufhebe, olme den Kindruck r.u 
zerstbren,*’ Kee also a retnark on 
C>octbe*M undefined position in 
CaruH, * Geschiehte der i^oohigie* 
(1872), p. 680. 


JL‘*. 

Molpliology 

andyenctics. 
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what would otherwise be disorder and confusion. On 
the other side, the genetic view deals with the tran- 
sition from one form to another in the course of time ; 
takes more interest in movement and in the process 
and function; and seeks for their probable laws and 
regularities. Without wishing to limit these remarks 
to merely organic or living things, the difference be- 
tween the morphological and genetic views can be 
brought home to the mind by referring to the different 
objects of anatomy and physiology.^ This twofold and 
very general aim — the desire to know what is, and how 
it has come to be — has existed at all times, though fre- 
quently obscured by artificial and temporary restrictions. 
From this point of view I propose to survey the mental 
attitude of the century towards the real things and 
events of nature, as distinguished from the artificial or 
mathematical forms and processes of our studies and our 
laboratories, our calculating and measuring rooms. The 


’ Genetic theories have every- 
where been prepared and ushered 
in by morphological studies. So in 
Goethe’s time; so later on, after 
Darwin had given a definite law 
of descent, and Herbert Spencer 
had fixed the vocabulary and ideas 
of evolution, this relation is mani- 
fested by two great works, the 
‘ Generelle Morphologie der Organ- 
xschen Wesen,’ by Ernst Haeckel 
in Germany (1866), and Francis 
M. Balfour’s ‘ Elements of Embry- 
ology* (1874) in England. It is 
characteristic that Prof. Haeckel, 
in the further development of his 
literary activity, dropped the term 
morphology* and published the de- 
sired new editions of his great work 
under two different titles, * Nathr- 
liche Schbpfungsgeschichte’ (1868, 


2 vols,), and ' Systematische Phylo- 
genie’ (1896, 3 vols.) The division 
of the great modern biological doc- 
trine into mori3hology and genetics 
is in conformity with Mr Herbert 
Spencer’s treatment in the ‘Prin- 
ciples of Biology,’ vol. ii, published 
in 1865, and with the two divisionH 
of Haeckel’s ‘Generelle Morpho- 
logie,’ which treated respectively of 
the “science of developed forms” and 
the “science of developing forms” — 
i.e., of structure and process. I 
have chosen such expressions in the 
text as will permit of a compre- 
hension of inanimate as well as of 
animated nature. In 1875 there 
were founded simultaneously in 
Germany two periodicals, represent- 
ing respectively the morphological 
and genetic eides of animal biology. 
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present chapter will deal with the morpliologicah the 
following with the genetic, views of nature,^ 

Were the real world only one out of many possible 
worlds which the mathematical mind can imagine, though 
through its complication and intricacy it might still 
far surpass its powers of analysis ; w-ere the actual forms 
of nature only some of the infinitely possible states of 
equilibrium, the events and changes surrounding us in 
space and time only a few of the countless combinations 
of motion taught in dynamics; were the actual course 
of things — as mathematicians since Laplace ha'S'e fanci- 
fully put it — only one particular soltition ui the general 
diiferential equations of the world-motion, — then the 
two great domains of morphology and genesis would 
exhaust the subject and satisfy all the interests by whicli 
natural history has been created. Unfortunately for the 
pure mathematician, but fortunately for the rest of man- 
kind, notably the poet and the artist, it is not so. An 
enormous gulf separates the creations of nature from the 
most perfect machine ; and the fact that, with all the 
most delicate methodvS at her command, Imr most perfect 
machines, like the human eye, do not coma up to the 
demands of the optician,*^ shows us that other agencies 


^ As In abstract mechanics, the 
study of the conditxoiiH of equili* 
brium, ue,, statics, preceded in time 
the study of tlxe phenomena of 
motion, dynamics,, so in the 
study of nature the apparently 
finished or developed forms at- 
tracted attention before their 
genesis was imiuired into ; and as 
the key to statics has in the course 
of time been discovered to He in 
dynamics, so the key to an under-^ 
standing of form and structure has 


been found tri He ixi the dynamical 
theory of descent or evolution, In 
animal biology a separate infiuence 
— the medical interest— led, how- 
ever, very early u» a study of fuixe- 
lion and of the processes in the 
living organism. 

This refers to a well-known re- 
mark of Helmholts? in his popular 
lectures on the * Theory of Light' 
( 1808 ), where he enlarges on the 
remarkable ixnpcriectioas of the eye 
as an optical instrument. His real 
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and other interests are at work than we have as yet 
been able to grasp. So long as astronomy was content 
to observe the orbits and motions of the heavenly bodies 
from a distance, it indeed appeared possible to define 
that science as merely “ une question d analyse ' ; but in 
astronomy even, spectroscopy has brought distant objects 
near to us and opened out endless vistas into a purely 
descriptive branch of the science, a natural history of 
the heavens. Still more so is this the case when we fix 
our gaze on the world immediately surrounding us — on 
the things and events in which we ourselves take an 
active part. Here two phenomena attract our attention 
It,. — the problem of life, and the problem of consciousness 

mind. or mind. The knowledge which we possess, or imagine 

we possess, of the latter, which is gained from a purely 
introspective point of view, the psychological aspect, 1 
leave at present quite out of the question. As external 
observation through our senses would never have given 
it; as in the map of reality which we call nature, we 
have not even succeeded in accurately locating conscious- 
ness, — I relegate this large department of Thought to 
a different place in this work. At present we have to 
do only with the study of nature, the first condition of 


object was to dispel tbe popular 
conception that the accuracy and 
variety of the performances of the 
human eye could be explained by 
the precision and complexity of its 
structure, as if it were an optical 
instrument of a degi’ee of perfection 
which could not be equalled by any 
optician. In the sequel Helmholtz 
shows how this admiration of a 
wrongly supposed mechanical per- 
fection must make room for an 
admiration of a different kind, as 


** every work of the organic forma- 
tive power of nature is for us 
inimitable " ; a remark which really 
supports the argument in the text 
(‘Vortriige und Reden,’ 3. Aull. 
1884, vol. i. p. 240, &c.) It is also 
important to note how Helmholtz 
traces the imperfections of the eye 
to its genesis — £.< 3 ., its development 
in the embryo. The genetic sup- 
plements the purely structural ex- 
amination (ibid., p. 255), 
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which is that her X-)honomena have, or have at some time 
had, a definite place and position in space. Here, then, 
the phenomena of lower and higher life and the new 
creations of human culture, art and industry, open out a 
great department of reality which is accessible to external 
observation and study. Without committing ourselves 
to any theory on the subject, we have in this department 
to deal with the phenomena of ajjpareiit or real design 
and imrpose. How has the century dealt with these 
phenomena The answer to this rjuestion, the history 
of nineteenth century thought as directed towards the 
phenomena of life and of mind as natural phenomena, 
will be dealt with in two further chapters, which will 
respectively deal with the vitalistic^ and the psycho- 


^ It would have been iii some 
respects xu’cfcrahle to use the 
word “biologicar* instead of vital- 
istic. In in the original draft 
of this pjvssage T used the former 
term. The reasons which made me 
alter it are the following : The 
teim biology was first used in 1801 
by Laniarck in his * Hy*lrogeologie.’ 
“ About the same time it occurred 
to Treviranus that all those sciences 
which deal with living matter are 
ehsentially and fundamentally one, 
and ought to be treated as a whole ; 
and in the year 1802 he puViUshed 
the first volume of what he also 
called ‘ Biologic.’ Treviranus’s great 
merit lies in this, that he Wijrked 
out hia idea, and wrote the very 
remarkable book to which I refer. 
It consistH of six volumes, and oc- 
cupied its author for twenty years 
— from 1802 to 1822. That is the 
origin 0 f the term ‘ biology * ; and 
that is how it has come about that 
all clear thinkers and lovers of con- 
sistent nomenclature have substi- 
tuted for the old confusing name of 


‘natural history,’ w'bicli has c(m- 
veyed so many meanings, the term 
‘ bioh>gy/ which denotes the w'hole 
of ^ the sciences which deal with 
living tilings, whether they be ani- 
rnuis or whether they be plants.'* 
This extract from Huxley’s “ Lecture 
on the Study <if Biology” (South 
KeiiHington, Dec. 1876, reprinted 
in ‘American Addresses,’ 1886, 
p. 120, &c.), has induced me to 
adopt the term vitalistic ” to 
denote those {hiotrines and chapters 
in laology which tloal specially with 
the principle and phenomena of 
life. A very large portion of bi- 
ology deals with such phenomena 
of living things as can be studied 
without any reference to a doctrine 
or theory of life in particular, they 
being either mere facts of distribu- 
tion or that very large and increasing 
class of bitdogical processes whicii 
admit of purely mechanical, physi- 
cal, or chemiwd description and 
explanation. The very fact, how- 
ever, that the question whether the 
principle of life is purely mechanical 
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physical views of nature. Thus four distinct chapters, 
dealing severally with the morphological, the genetic, 
the vitalistic, and the psycho-physical aspects of nature, 
will together attempt to describe the manifold and 
changing methods of reasoning by which our century 
has approached the actual things and events which 
surround us. 


“ Future does not employ all figures, but only certain 
ones of those which are possible ; and of these, the deter- 
mination is not to be fetched from the brain, or proved 
a priori^ but obtained by experiments and observations.” 
These words, set down nearly two centuries ago by a 
now forgotten natural philosopher/ express clearly the 
object of a study which, towards the end of the eigh- 
teenth century had received definite expression in vari- 


or not is not yet decided, makes 
it necessary to retain in a history 
of Thought a special term com- 
prising all speculations which deal 
with the purely scientific solution 
of that problem. In fact, the ques- 
tion what is life is still unanswered. 
A fortiori, these remarks refer 
also to the question, What is mind 
or consciousness? But the two 
chapters referring to these problems 
will limit themselves to an historical 
exposition of what has been done 
to solve them by purely scientific, 
i. e, , exact, methods. The full name 
of the author of the, ‘Biologie* 
was Gottfried Reinhold Treviranus 
(1776-1837) of Bremen. Though 
introducing the larger conception 
of biology, his own original lab- 
ours were mainly in the domain 
of zoology. His brother, Ludolf 
Christian Treviranus (1779-1864), 
devoted himself mainly to botanical 


science, and was largely influenced 
by the doctrines of the **Natur- 
philosophie.” On the former, see 
Cams, * Geschichte der Zoologie ^ 
(Miinchen, 1872), passim ; on the 
latter, Sachs, * Geschichte der Bo- 
tanik^ (ibid,, 1875, p. 291). 

^ They are quoted by Wliewell 
(‘Hist. Indue. Sciences,* 3rd cd., 
vol. iii. p. 166), from a work en- 
titled ‘ Bissertatio de SallbuR * 
(1707), by the Italian Professor at 
Padua, Dominico Gulielmini (1655- 
1710). He was a practical physician 
as well as a natural philosopher. H e 
was the forerunner of Homd de Lisle 
and Haiiy, inasmuch as he estab- 
lished the principle, not then suffi- 
ciently appreciated, that the con- 
stancy of the angles is characteristic 
of all crystals. See Kopp's ‘ Oesch- 
ichte der Ohemie,* vol ii. pp. 83- 
404* 
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ous branches of natural science, and which can be best 
characterised by the term morphology.^ The word was 
first applied only to plants, then also to animals, and 
later still to crystals and minerals. The words quoted 
above refer to the forms of inanimate nature, to crystals. 
In all these eases we liave to do with definite individual 
objects, which can be removed from their surroundings 
and examined in the laboratory. Tliere is, however, no 
reason why a study of tfie actual forms of nature on 
a large scale, sucli as the physiognomy of landscape, the 
couiiguration of mountains and valleys, the shapes of 
glaciers, the actual distribution of land and water on our 
glulje, the stratification of rocks, the formation of clouds, 
and many other things, should not all bo comprised under 
tiie term, tlie morphological view of nature. And con- 
ceived in this larger sense, the study of nature as a whole 
and in its separate ])arts had at the end of the eighteenth 
century already made very important progress. In fact, 
natural history had, in the course of that century, gradu- 
ally emergctl from the i)r(wio\is epoch, that of the purely 
systematic and classificatory attempts, which aimed at 
giving inventories, collecting specimens, and classifying 
natural objects, naming, describing, and identifying them. 
Tlio interest of the latter was a lU’actical one, frequently 


’ la the * Le«;oaB sur lea FhiSno* 
nifties de la Vie ccjiaamna aux 
Aulmaux efc aux Ydgdtaux,* a 
vt’ork which did so raucli to break 
down the older diviHion of the 
ficieiiceH which deal with animalti 
and vegetables separately, Claude 
Bernard says (p* i., 

1885): ^‘Dans un autro dquilibre 
ooanuuue, la morphologie vitale 
serait autre. Je pense, ©u nn mot, 


quUl exi«te virtuelleraent dans la 
nature un nombre infini de formes 
vivanten que nous ue cojmaissonB 
pas. Ces formes vivantes seraient 
en sort© dormantes ou 

expeettmtes. . . . 11 en est ainsi 
des corps nouveaux quo fonnent 
les chimistes ; ils m les ordont pas, 
il« dtaient virtuellemenfe possiblen 
dans lew lois do la nature.” 
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prompted by the needs of the medical profession, which 
studied animals as affording an insight into the analo- 
gous structure and functions of the human body ; ^ and 
plants, because they largely furnished the materials for 
the preparation of medicines. To this must further 
be added the practical interests of agriculture, of garden- 
ing, and of the artificial culture of flowers and exotic 
plants, and the breeding of domestic animals. All 
these interests, however stimulating they may have been 
and still are, introduce an element of artificiality into 
the study of nature. They have all a greater concern 
for natural objects, be they beautiful or useful, than 
they have for nature itself. From this artificial posi- 
tion the true sciences of nature had to emancipate them- 
selves by slow degrees and with many efforts. Ever since 
the time of Linnmus, through whose labours the system- 
atic attempts received a kind of finality, and even in 
his own writings, great discussions were carried on as to 
the difference between a natural and an artificial order of 
plants and animals. “ The natural orders,” ® says Linncuus, 
teach us the nature of plants, the artificial orders enable 
us to recognise plants. The natural ordei’S, without a 
key, do not constitute a method ; the method ought to be 
available without a master. . . . Tlie habit of a plant 
must be secretly consulted. A practised botanist will 


^ deferring to Albrecht vow 
Haller, Victor Carus (‘Gescli. d. 
Zoologie,* p. 567) says, “Through 
the leap which physiology took, 
thanks to his labours, zootomical 
researches developed in a direction 
which brought them into complete 
subjection to physiology, with a 
neglect of the independent import- 
ance which belongs to them. . . . 


It diverted attention from the im- 
mediate object of zoology, the ex- 
planation of animal forms and their 
variety, to the more remote problem 
— the explanation of the phenomena 
of life.” 

•*2 Quoted by Whewell C Hist./ 
vol. iii. p. 268) from the ‘ Genera 
Plantarum’ (1764). 
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distinguish at the first glance the plants of different 
quarters of the globe, and yet will he at a loss to tell by 
what mark he iletects them. There is, I know not what 
look — sinister, obscure, in African plants; sixperb and 
elevated in the Asiatic; smooth and cheerful in the 
American ; stunted and indurated in the Alpines.” ^ The 
inventor of the sexual system of ])lants, which proved to 
be such a good ‘‘ finder ” in the hands of the botanist and 
herbalist, speaks of llie diiliculty of the task of discover- 
ing tlie natural ui'ders. “Tel” he says,'"!, too, have 
laboured at this — have done something, liavc much still 
Ui do, and shall labour at the oliject as long as 1 live.'’“ 

Liniucus's artilieial system met with little aeeeptanco 20. 

. ,, Linnu'Uftan 

in rrancis where, under the opposite' intlucnce ol Iluiibn;'* Mon. 

’ LMiolOfl l»y \VIif*'svcn (‘Hint vol. « term * nietaiiiori»ho.sirf plantarum * 
iii, j), litJH) tVom tho * (p. 110 of the Gerrimu edition). 

’(1751). Uuffon’H great mma Iuih a place 

“ Ibul,, (juoted from the ‘ in the hihtf «7 of the genetic as well 

Plantarum ’ {17J1S), .luliuH iSarliH, of the inr»rphological view of 
in hiM oAcclleni ‘ History of Pfotiuiy ' nature, inabiiiueh as he looked at 

(Munich, ISTf), Irund. from UmUer- the things of nature as much from 

mail )>y !L R. Oanisey, IsllO), says the sido of their individual spcciaUty 

of Linnu'us, thip in hii-. inorpho* a** fr(»ni that of their connection 

lo^ii'al as well as in his hysie-nuitic and orderly arrangement in time 

lahouiv, thei'o (‘\i,ste<l two iinre- and space. And inasmuch as he 

concileil eonceptions a supeHiciul “does not fady consider the form, 
one, meant only for praeticai use, Imt. tries to inaiulaiu an intex'est in 

which found ejcpresslon in his arli* the general economy of the whole 

ficial sexual systiMu, axid a decjier, of nature by picturing to us the 

soientilicnlly valunhln one, “ For homcH, th<‘ habits and tmstoms, the 

practical iiurpowes of deseripti<*n he instinets, of living things, ho 
elaborate*! hin xuanenelat-urc of the ho strove, in general to represent 

}»artH which, however uwi'ful.apiicarH the single phenomena of tiature as 

neverthelesH hat ami HUporlieiid, as existing in intimate connection’* 

any <let*per foundathm thnmgU a (Uarus, ‘Gesch. <ler JHoologie,’ p. 

comparative study of forms is want* fiiiiJ). **As Buifon opposed the ex- 

ing. But alongside of this, there tretne systematisers, wlm seemed to 

appears in varitms passages of his ihitik it t.he end of Bcicnee, not fi*> 

writings the desire for a more pro- much to know lihout an r>hject as to 

found conception of plant -forms, be able to name it, and fit it into 

What he had to say on this Huhjeet their system, ho i)auhent*m (the 

he brought togetimr under the callabomtor of Buffoa in France) 
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the great botanists, from Jussieu to De Candolle, and the 
great zoologists, notably Cuvier, made an attempt towards 
a freer and more generous and more sympathetic con- 
ception of the objects as well as the totality of nature. 
These attempts were continued much on the same lines 
till well on into the nineteenth century. Buffon's com- 
prehensive scheme was premature, but it had a very 
great and beneficial influence in popularising and en- 
livening the frequently dry and uninteresting pursuits 
of the collector and systematiser. Cook’s voyages during 
the last third of the eighteenth, and Humboldt’s traA’-els 
at the turn of the two centuries, did much to further a 
comprehensive view; but the great task of the mor- 
phologist, like every other scientific work, had to be 
solved by special studies in separate departments. It 
grew from small beginnings and detached contributions. 

One of the most notable of these, and one also which 
has all along exerted a great influence on all morpho- 
logical studies, is the theory of crystals, both natural and 
artificial. I have already had occasion to refer to the 
labours of Haliy ^ and his successors, they have led to 
a complete mastery of the geometrical forms which 
minerals occasionally present in nature, and which sub- 
stances assume if allowed to solidify out of the liquid 
21. condition. The science of crystallography, now appro- 
crystaifl. priately termed the morphology of crystals,” ^ has had 


insisted on the study of each animal 
as an individual whole. , . . He oc- 
cupied himself, therefore, with the 
production of a series of admir- 
able monographs appended to the 
descriptions of Bujftbn in the * His- 
toire Naturelle’” (Huxley in the 


chapter on Owen’s position, &c., in 
‘Life of Kichard Owen,* 1894, vol, 
ii. p. 280). 

^ See vol. i p. 116, &c., of this 
history. 

^ See ^ The Morphology of Crys- 
tals,* by N. Story Maskelyne, 1896. 
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a peculiar fascination as forming tlie transition from the 
abstract science of geometrical forms and statical equili- 
brium to the study of the actual forms of real things. 
Here, if anywhere, it seemed as if we might dis- 
cover the link that connects the theoretically calcul- 
able with the actually existing, the possible with the 
real. Accordingly, we find a very general and recur- 
ring tendency to carry over the notions of crystal- 
lography into other sciences — into the morphology 
of plants and animals. The planes and axes of 
geometry, and the forces of attraction between particles 
of mattei’, have formed a theme which has been end- 
lessly repeated and varied in explaining the elements 
and the forms of living matter. But whilst these 
fanciful analogies ' of organic crystals, of polar distribu- 
tion, and the network of tissues, to which are also allied 
the spiral theories of leaves and branches in plants and 
other geometrical arrangements, have at times attracted 
much attention,® and have served to give at least the 


^ “CcH <iomparaiHOttti entre Iob 
foriucB uiintiraloH et ks formes 
vivimtes iie constituent certaine- 
Hient que dew amtU»gies fiu't loiu- 
taines, efc il serai t imprudent de 
les exagdrer, II suffit de les signal 
er. Elies doivent Himplement nous 
fair© mieux concevoir la separation 
thdori<iue de ces <Ieux temps de la 
creation vitale i la creation ou 
synthase ckimiciue^ la crdafcion ou 
»yntht*se morphologiquct qui en fait 
aemt eonf endues par leur simul- 
tauditc, mais ttui n’en sont pas 
moins eseentiellement distinctes 
dans kur nature ” (Claud© Bernard, 
‘ Let^ons sur les PiidaomfeneB de la 
Vie/ &©, , yol I p, 296). See ako on 
the extravagances of such search 


for analogies, dul Sacha, ^Gesch. 
d. Bottmik/p. 173, &c. 

1 shall revert to thin subject 
when speaking of the elder Be 
Candolle. Here only a passing re- 
mark ou the “ spiral theory,” which 
was mainly developed by K, F. 
Schimper and Alexander Braun, 
after the regular geometrical ar- 
rangement of leaves around their 
btalks had already been noticed in 
the eighteenth century by Charles 
Bonnet, fcdlowing Ctosalpinus. For 
about thirty years, from 1830 on- 
ward, the s)>iral theory was very 
popular in ik^rmany. In France, 
the Bomowhat related theories of 
symmetry of De Candolle, of meta- 
morphosis of Goethe anti of spiral 
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semblance ^ of an explanation of organic structures and 
forms, they have in reality done as little as Boscovich’s 
centres of force and curves of attraction and repulsion 
in mathematical physics to establish a firm basis for 
actual research ; for nowhere have they been capable of 
exact determination such as has been applied to the 
angles and figures of crystals. 

Simultaneously with the science of crystallography 
there came into being the science of minerals on a 
22. larger scale of study, through actual observation in 

ilorpliology , . 

»iiaiarge definite localities of the formation and stratification 

cale. 

of rocks; of the traces of the influence of the great 


arrangements of Schimper, became 
known under the term “Morph- 
ologie vdgdtale,” through Auguste 
de Saint Hilaire in his * Lejons de 
Botanique’ (1840). To the spiral 
theory, although strongly opposed 
ill course of time by Wilhelm Hof- 
meister, one of the founders of the 
genetic conception of plant life, 
Sachs, the historian of botany, 
nevertheless assigns an important 
historical influence, “as through 
Schimper’s theory the morphologic- 
ally so important relative position 
of the plant organs was for the first 
time placed in the foreground of 
morphology” {loc. p. 180). See, 
however, on this subject the paper 
by A. H. Church on “ Phyllotaxis ” 
in vol. i, p. 49 of ‘The New 
Phytologist,’ 1902. 

1 The early propounders of the 
cellular theory of organic structures 
adopted the view that cells were 
formed in a surrounding liquid in 
the manner of ciystals in a mother- 
liquor* When it was established 
that organic structures grow by 
intussusception, not by juxtaposition 
and accretion, like ciystals, and that 
cells multiply by division, the dis- 
coveries of Graham, who divided 


bodies into crystalloids and colloitls, 
were utilised for the purpose of 
explaining or illustrating organic 
processes. On this distinction is 
based the celebrated “micellar 
theory” of Nageli, who, in his 
‘ Mechanisch-physiologische Theorie 
der Abstammungslehre ^ (Muncheu 
und Ijeipzig, 1884), works out a 
complete mechanical doctrine ot the 
constitution and formation of or- 
ganic structures. The ideas con- 
tained in this elaborate treatise 
have been much used in Germany 
by various writers, but mostly only 
as convenient illustrations. See 
0. Hertwig, ‘The Cell’ (traiisl. by 
Campbell, 1896), p, 58, &c. The 
micellar theory does not seem to 
have found much favour in France 
or in this countiy, where a general 
opinion prevails which is probably 
beat represented in the words 
of Claude Bernard: “Les plnJnu- 
m^nea physico-chimiques des ctres 
vivants, quoique soumis aux lois 
de la physique at de la chimie 
g^ndrales, ont leurs conditions par- 
ticuii^res qui ne sont rdalisdes quo lit, 
et dont la chimie pure ne pent ofirir 
qu’uneiraageplusou moinsinexaete” 
(* Ph6n, de la Vie, ’ vol. ii, p. 487), 
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agencies of nature, — of water, atmosphere, and of ice 
and heat. Last caaie the studj of the fossil remains 
of organic life as the means of fixing the age and the 
order of succession of various geological formations. 
Werner^ in Germany, Cuvier^ in Prance, Hutton^ in 
Scotland, William Smith ^ in England, led the way, from 
different points of view, towards an actual knowledge and 
a possible theory of the existing forms and structures in 
and on the crust of our globe. The study of these 
subjects, morphology on the largest scale, necessitated 
distant travels, tlie examination of formations in hUv 
and under diametrically opposite conditions. Its great- 
est and unequalled representative was Alexander von 
HumholdV'' who also brought the ohs(3rvatious of 
geographical, geological, and mineralogical facts and 
details into connection with the study of climate, of the 
weather, of the distribution of plants and animals.^ 


^ Sec supra, vol. i. p. 283. 

^ Ibid,, p. 125. 

3 Ibid., p. 283. 

J Ibid., p. 291. 

3 A good account of the grad- 
ual development ot the plan of 

Cosmos” will be found in 
Bruhns’s * Life of A. von Hum- 
boldt (transl. by Lassell, 1873), 
vol. ii., passim. It is clear that 
two great influences co-operated 
to ripen in Hum bold t’a mind the 
conception of unrolling a great 
tableau of the physical world in its 
purely material and in its ideal or 
poetical aspects : the influence of 
the great scientific movement then 
emanating ^ from Paris, and the 
not less important influence of 
the ideal movement rej>resented 
by the names of Herder, Goethe, 
and Schelling, which emanated 
from the centre of Germany, 

VOL. II. 


“But, however greatly Humboldt 
may be indebted to the inspiring 
influence of hi« contemporaries, the 
great merit of the work lies in 
what he alone has accomplished — • 
the attempt by means of a coin- 
preUensive <‘ollation of details, and 
the iiirttitutiou af the most search- 
ing compuristiriH, to give a scientific 
foundation to the it leal ct>smt)logy 
of Herder, Goethe, Schelling, and 
their disHplew . , . fn him may 
be said to ^ be united the two 
scUooIm of philosophy, ho brilliantly 
represented thtriiig the closiiig years 
of the formei’ century. On this 
acctmnt he was at the same time 
exposed to the censure of the 
representatives of either system 
(voh ii. p. 312). 

® The third volume of the ‘ Life 
of Humboldt/ in the original 
1 German edition, gives an account 

P 


SJ3. 

Ifuliiliffldt. 



226 


SCIENTIFIC THOUGHT. 


He may be called the morphologist of nature on the 
largest scale: the representation of the grand aspect 
of things as exhibited in his ^ Cosmos/ and in his earlier 
' Ansichten der Hatur/ was the leading idea of his life 
and work. Through him and his friend Karl Eitter 
“ comparative geography received a treatment worthy of 
the subject, showing its connection with the history 
of the human race and the advancement of civilisation, 
inasmuch as the configuration of the earth is proved to 
have been an important element in the dispersion of 
nations,” ^ 

But morphology, or the study of forms and struc- 
tures, has to be carried on not only on the large, the 
gigantic scale, as by Humboldt ; it is quite as iin- 
portant, and has probably been even more influential, 
when directed towards the minute, the imperceptibly 
small, which ordinarily quite escapes our notice. If 


by various specialists of Hum- 
boldt’s labours in the sciences of 
astronomy, geology, geography, the 
distribution of animal and plant life, 
meteorology, and other provinces of 
research, some of which largely owe 
their existence to his initiative. The 
study written hy Ewald on his 
geological work, and that of 
Grieshach, on what is termed in 
German animal and plant geo- 
graphy, are specially interesting. 
Unfortunately this most fascinat- 
ing volume has not been brought 
out in the English edition. As illus- 
trating the comprehensiveness of 
Humboldt’s view it is well to note 
how, before beginning to put to- 
gether his materials in the great 
tableau which the ‘ Kosmos ’ was 
intended to be, he drew two 
entirely different pictures of nature | 
-on our globe; first in the large 


work on the New Continent 
(‘ Voyage aux Kcgions dquinoxiales 
du Nouveau Continent/ in six 
parts, published in Paris, 180,^i to 
1834), and then from an entirely 
opposite aspect in his works on 
Central Asia (‘ Asie Ceiitralo : 
Kecherohes sur les Ohaines et 
Montagnes et la ClimaLologie coin- 
parde,' 3 vols,, Paris, 1843). “ To 

Humboldt the importance of the 
Asiatic expedition consisted in its 
elevsiting him above the one-sided 
effect of having contemplated 
nature exclusively in the New 
World, and leading him, so to 
speak, to feel experimentally that 
the earth, in common with every 
other object, is possessed of op- 
posite skies (* Life of Humboldt/ 
vol. ii. p. 212). 

^ See * Kosmos,’ vol, i. p. 60 
(German edition, 1845). 
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the great revolution of ideas wliicli the seventeenth 
century witnessed was much assisted by the invention 
of the telescope and founded upon its revelations, the 
change of thought during the nineteenth century has 
been connected more with the revelations of the 
microscope. The great movement of ideas started by 
Galileo, and continued through Kepler, Newton, and 
Laplace, was accompanied by the perfection of the 
telescope. The invention of the microscope enabled 
Nehemiah Grew and Malpighi t(j begin half a century 
later their embiyological studies, and to inaugurate a 
line of resoarcli which, in our days, through a long series 
of observations^ from Anuci to Straslmrger on the ])Vo- 


' These ol)RGrvati(jiis lio^in with 
the year 1SJ30, when Aimoi, to 
whom great improvements in the 
microscope aio due, “traced the 
pollen grain from its lighting on 
the carpel tip down into the 
recesses of the ovule ” (Cleddcs and 
Thomson, ‘ The Evolution of Sex,’ 
p. 140), and removed all douhts 
and uncertainty by his observa^ 
tions on orchids in 1845 and IS4d. 
“liere he demonstrated the whole 
series of processes, from the pollen 
dust on the stigma to the for- 
mation of the embryo (Sachs, 
‘ Gosch. d. Botanik,’ p. WJ), 
About the same time (1848) Martin 
Barry “observed the }iresence of 
the sperm within the ovum in the 
rabbit ovum ” (Geddes and Thoiii" 
son, loc* cit,i p. 142). It took, how- 
ever, a quarter of a century, from 
the first discovery of Amici, liefore 
the process of fertilisation described 
by him was accepted by embryo- 
logists as typical for both plants 
and animals. Bischofif, the great 
authority in Germany, after con- 
firming the entrance of the sperm- 
cell into the ovum, maintained by 


Barry in 1843, and by Newport 
(with frogs) ill 1851 and 1853, ex- 
preshOB his “ ndinite astoniKhmont,” 
adding that “ Dr Barry is certainly 
the first who hai- seen a sper- 
matozoon in the interior of any 
ovum, and notably in the ovum <If 
a mammal, and that to him be- 
longs the glory of thi« discovery ” 
(Theod. Dihclioir, ‘ BcHlatigung des 
von J)r Newport bei den 
Batrachieru uud Dr Barry 
den Kaninehcn behaupteten hlin- 
dringens der Bpermatozoiden in 
das Ei," 1854, p. !)), For the 
history of soicntiiic thought it is 
Higuilicanf. to see how little, even 
in the middle of the century, dis- 
coveries referring to the phenom* 
ona of plant life or structure were 
kmnvn or utilised by students of 
animal life. A mutually fructify- 
ing influence seems to date like 
so many other advances from the 
publication, in 1859, of the ‘ Origin 
of Species.’ “The distinctively 
modern era in the history of 
fertilisation dates from about 1875, 
when the brilliant researches of 
Auerbach, Van Beaeden, Butschli, 


■J4. 

.Mol plKtlo^y 
ou a minute 
sf'ule. 
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25 . 

The Micro- 
scope. 


cess of fecundation in plants, and from Martin Barry to 
Hertwig and Tol on that in animals, has been brought 
to a temporary climax. The combination of telescoi3e 
and microscope in the spectroscope has opened out a 
field of research in astronomy of which Laplace had 
no conception. 

So much has depended, duidng our century, on the 
unravelling and disentangling of the imperceptibly small 
(once considered an unworthy occupation), that a short 
reference to the history of that optical instrument to which 
we are so greatly indebted may not be out of xilace. 

The gradual perfection of the microscope is as much 
indebted to the problems and labours of anatomical 
workers during the seventeenth and the nineteenth cen- 
turies, as anatomy itself reciprocally has been indebted 
to the microscope. Eobert Hooke, in 1660, first gave a 
useful form to the compound instrument. Leuwenhoek 
perfected the simple microscope ; and during the earlier 
part of our century no one did more than Amici in 
Modena and Lister in England ^ to start that great suc- 


Fol, 0. Hertwig, and others, l 
showed that one of the essential 
phenomena in fertilisation is the i 
intimate and orderly association 
of the sperrn-nucleus, of paternal 
origin, with the ovum - nucleus, 
of maternal origin, the result 
being the cleavage or segmentation- 
nucleus, The researches of Stras- 
burger, De Bary, and others, 
established the same result in 
regard to plants” (J. A. Thom- 
son, * The Science of Life,’ p, 
127, 1899). 

1 The improvements of Amici 
seem to go back to the year 1812, 
those of Lister to 1826. The for- 
mer is usually considered the in- , 


ventor of the “ immersion ” system, 
— that of placing a drop of water 
between the object or its covering 
glass and the objective lens. This 
system has lately been impioved by 
Abbe, who discovered a liquid with 
the same refractive index as the glass 
of the objective possesses, Accord- 
ing to Hogg (‘The Microscope,’ 
15th ed., 1898, p. 10), the immer- 
sion system was suggested by l^rit- 
chard in London before Amici hit 
upon it. The necessary modifica- 
tions required where the immerbion 
system is used, seem, however, to 
have been first worked out by 
the celebrated Paris opticians, MM. 
Hartnack and Hachet, 
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cession of improvements by which errors due to colour 
and indistinctness — the chromatic and spherical aberra- 
tions — were removed. In the middle of the century 
the influence of some eminent botanists, notably of 
Hugo von Mohl and ISTageli, in perfecting micrometric 
processes was considerable ; whilst the last twenty 
years have witnessed quite a new departure in the 
theory of optical images, in that of microsco^Dic vision, 
in the improvement of optical glass, and in the in- 
vestigation of the possible limit of the magnifying 
powers. The most eminent physical authorities— such 
as Stokes and Lord liayleigh in England, Helmholtz 
in Germany — have taken up one or more of these 
points; hut the whole sul^ject is associated with 
the name of Prof. Ernst of Jena, who, 

through liis connection with the well-known firni of 
Carl Zeiss, has been able to put into actual practice 
many of the suggestions which resxilted from his the- 
oretical investigations. As the historians of zoology 


The Ijibours of Abbe go back to 
the year 1873. Simultaneoubly and 
independently, Helmholtz attacked 
the theory of microscopical vision 
and the cpiestion of resolution ** — 
i.e,i of the possible limit to the I’e- 
solving power of any optical arrange- 
ment. Airy had attacked the same 
subject on purely dioptrical lines. 
Helmholtz and Abbe went a step 
farther, taking into account the 
physical nature of light as a wave- 
motion, subject to interference 
phenomena, notably those caused 
by inflection, where objects with 
very fine markings are concerned. 
Abbe’s methods wore for a long 
time only imperfectly known. The 
publication, however, of his theories 


by Ozapski (‘Theorio der optisclien 
lustrumente nach Abbe,’ Jlroslau, 
1893) made the whole subject better 
known, and has been followed by 
two masterly papers by Lord Ray- 
leigh and Prof. Jolmstone >Storiey in 
the 42ud vol. of tho ‘ Philos. Mag.* 
(1800). The latter paper especially 
gives several interesting examples 
of the use of recent micro.scopic 
appliances and the means of avoid- 
ing errors in handling very delicate 
and minute objects, it seems that 
the instrument cannot any longer 
be used without a^theuretical know- 
letl^e of its optical construction, 
which enables the observer not only 
to see, but also to criticise and to 
interpret. 
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26 . 

Its improve- 
ment. 


and botany tell ns, the use of the microscope had 
made little or no progress ^ during the eighteenth 
century : the study of structures and tissues had lost 
interest in comparison with the study of the physi- 
ological functions of the parts of plants and the organs 
of animals, which had been respectively furthered by 
Hales in England and by Haller in Germany.” Our 
century thus found the morphological studies of the 
imperceptibly small in a very backward state: it had 
to improve the instrument for its research pcm passit 
with this research itself.^ But it has been truly re- 
marked that the increased use of the microscope 
necessitated likewise a mental training in the inter- 
pretations and delineations of what was observed 
through it. '‘By fortifying the eye with the micro- 


1 “ So long as, in consequence of 
the imperfections of optical instru- 
ments, deceptive images existed, 
and, for instance, all microscopical 
structures appeared as composed of 
rows of beads, the explanation of 
what was seen stood under the in- 
fluence of deceptions, which were 
only gradually recognised as such ’’ 
(Carus, ‘Gesch. d. Zool.,’ p. 629). 
Compare also what Sachs says 
(Gesch. d. Bot., p. 241). 

° ** The characteristic feature of 
that period lay in this, that the 
examination of the finer structure 
is always mixed up with reflections 
on the functions of elementary 
organs, so that anatomy and phy- 
siology always support each other, 
but also, in consequence of their 
imperfect state, do each other in- 
jury” (Sachs, loc, oit, p, 240). 
Similarly Carus {loc. cit, p. 667), 
Through the progress which phy- 
siology made, thanhs to Hauer’s 
activity, zootomical investigations 


took a direction which li ought 
them into complete dependence on 
physiology, ... and retarded the 
progress of zoology by diverting at- 
tention from its primary object — 
the exposition of animal forms and 
their differences.” 

As late as 1827 Aug. Pyrame 
de Candolle could still write (‘ Or- 
ganograpliie vc%etale,’ vol. i. p. 7), 
‘‘De nos jours, MM. Mirbel, Link, 
Treviranus, Sprengel, llurlolphi, 
Kieser, Dutrochet, et Amici out 
publid des recberches tros dclicales 
sur le tiHsu vdgdtal, et les ont ao- 
compagnees de figures nomlireuses 
et soignees ; inais la necessitc d’em- 
ployer coutinuellemeiit dans ces 
recberches un instrument aussi 
difficile a bien manier (lue Test le 
microscope composd, fait que malgrd 
I’habilet 6 de ces observateurs, Panat- 
omie ddlicate des vdgdtaux estencore 
. . . d’une incertitude ddsespdrante 
pour les amis de la vdritd.” 
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scope, it became itself a scientific instrument which 
no longer hurried over its objects in flighty motion, 
but is disciplined by the intellect of the observer and 
forced into methodical work.”^ Similarly, no doubt, 
the increasing devotion to the pastime of, sketching 
from life and nature in our days must have the effect 
of obliging the eyes of many persons to look stedfastly 
and carefully at the forms and outlines of things, and 
of thus training the artistic faculty. 

It is, however, a remarkable fact that one of the 
greatest leaders in the morphological study of natural 
objects, Bichat, the great observer of membranes and 
tissues, despised the microscope, the instrument by 
which the sciences he founded were to benefit so 
enormously. 

The object of morphology, as distinct from that of 
classification, can bo defined as the attempt to describe, 
and if possible to comprehend and explain, the relative 
similarity as well as the graduated differences of form 
and structui’e which natural ohjects present to our gaze. 
Although the study can be conducted on a large as well 
as on a small scale, these similarities and differences sooner 
made themselves felt in the comparatively smaller objects 
of living nature. These can, without apparent loss of 
their characteristic appearance and individuality, he col- 
lected and brought together, whereas a collection of 
minerals, with the exception of crystals and gems, always 
presents only fragments, and forces upon us the convic- 
tion that they can really be studied only in their habita- 
tion, in situ. The same conviction has indeed gi^adually 

^ Sachs, loc, cU,^ p. 237. 


27 . 

Morpholo 
and cloasi 
cation. 
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made its way into botany ; and last of all into zoology. 
The herbarium or collection of dead plants was much 
sooner superseded by the ''jardin des plantes'’ than the 
zoological museum with its skeletons, stuffed animals, and 
specimens in alcohol has been supplanted by any scientific 
collection of living animals. Marine stations, which study 
plant and animal life in situ, are quite a recent invention.^ 
The study of the forms of nature or morphology in the 
earlier or more limited sense, referred thus more exclu- 


^ M. Yves Delage distinguishes 
four great periods in the study 
of living things. The first, cul- 
minating in Linneeus and Buffon, 
studies living objects in the great 
outlines of their external forma, of 
the habits of plants and the cus- 
toms of animals. Detailed exam- 
ination by dissection is resorted to, 
but only as a secondary method and 
in order to supplement the intuitive 
discovery of natural affinities Then 
comes the second period, that of 
Cuvier and his followers, relying 
mainly on anatomical dissection. 
The third period begins with the 
marine stations. “Je ne crains 
pas de dire que la fondation des 
laboratoires maritimes a marqud 
une troisieme pdriode et constitue 
une nouvelle mdthode aussi im- 
portante que les precedontes. Si 
Ton songe que plus des trois 
quarts des types d’invertdbres 
appartiennent au monde de la 
mer, que le plus grand nombre ne 
pouvaient parvenir dans les cen- 
tres scientificiues dans un dtat 
convenable pour I’examen inicro- 
scopique, si Ton songe que tout 
ce qui concerne leurs moeurs et leur 
em&yogenie ne peut a" dtudier loin 
de la mer, on cornprend I’importance 
de ces erdations. Faut-ii rappeler 
que ^introduction de cette methode 
est due ^ H. de Lacasse-Duthiers ? 

. . . Aussi la fondation du labora- 


toire de Roscoff a-t-elle dtd le signal 
de la cieation d’une multitude 
d’etablissements plus ou moins 
similaires sur les cotes do tous les 
pays ” { ‘ L’Hdrdditd et les grands 
probldrnes de la Biologic,’ p. 3). 
The fourth period is marked by 
microscopic anatomy, and this — 
according to M. Delage — has its 
home mainly in Germany. “The 
study of marine zoology has, since 
the publication of the ‘ Origin of 
Species,' been found to require 
more complete arrangements in the 
form of laboratories and aquaria 
than the isolated vacation student 
could bring with him to the seaside. 
Seaside laboratories have come into 
existence : the first was founded in 
France by Coste (1859) at (Joncar- 
neau (Brittany) with a practical end 
in view — viz., the study of food- 
fishes, with an aim to iiiscieulture. 

. . . The largest and best-supported 
pecuniarily is that founded at Naples 
by Anton Dohrn in 1872; others 
exist at Trieste, Villefrancho, Cette, 
and at New Haven and Beaufort in 
the United States; whilst a large 
laboratory, on a scale to compare 
■with that at Naples, has been (1888) 
opened at Plymouth by the Karine 
Biological Association of the United 
Kingdom” (Ray Lankester, art. 
“Zoology” in * Encyolop, Brit.,’ vol. 
XXIV. p. 8X4), 
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sively to plants and animals, and here the term was first 
applied. In order to bring some kind of method into 
the perplexing study of living forms, two ways presented 
themselves ; and they were consciously or unconsciously 
followed by morphologists with more or less success. As 
I mentioned above, one of the chief interests which 
led to zoological and also to botanical studies was the 
medical interest. Animals were dissected and observed, 
ixs ailbrding by analogy an insight into the structure and 
processes of the human body. T'liysiology, the science 
which deals with the actions of the dillerent parts 
of tlie animal or human frame, termed from an early 
period the functions of the different organs, had made 
(jonsidcral)lti progress during the eigliteeiith century. It 
was then found cunveuient to study the whole organism 
as an ass(3ml)lage of dil'fcront organs or machines, eacli of 
which performs a (^crtaiii function. Thus we have the 
mechanism on whicli voluntary motion depends, the 
mechanism of respiration and of the circulation of the 
hlood through the body, the meclianism of digestion, the 
mechanism of reproduction, an<l finally, the mechauisin 
of the nervous system with its Bpocitie<I and localised 
optical, auditory, and other organs of sense. All these as. 

study of 

parts or organs couhl to a great extent bo separately 
studitxl and descrilxul in their nmchanieal, ohemioal, and 
electrical actions. These stiulies had, sitice the time 
of Harvey in England and Haller in Germany, made 
great progiess. The application of chemistry to the 
processes of respiration and digestion, and finally, the 
discovery (fi* tlie galvanic current by Galvani, had given 
a great impetus to the physiological study of the different 
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organs in living beings, and their functions. In plants, 
these organs and functions seemed to be much simpler 
and more easily observed than in animals, and Linnseus 
had selected the sexual organs, since they were the most 
easily distinguishable, as a primary character for his 
classification of the vegetable kingdom. Somewhat 
later ^ he classifies the animal kingdom according to the 
internal structure, and characterises animals for the 
purpose of division according to the heart and the blood. 
The celebrated dictum, that “ minerals grow, plants grow 
and live, animals grow, live, and feel,” which appeared in 
the last edition of the ‘ Systema Natune,’ places a physio- 
logical distinction at the base of the classification. This 
conception, which has been somewhat modified since 
Linnaeus’s time to meet our altered views, is an obvious 
first step towards a. description of natural objects. Yet 
this no more than the second step, which fastens upon 
the organs of reproduction in plants, on the heart and 
blood in animals, gives any clue to the comprehension 
of the great variety and apparent fixity of forms which 
the living world presents to our observation. In fact, 
purely morphological considerations were subordinated to 
physiological ones, and were brought in only to assist 
in the further subdivision of the two great kingdoms. 
Linnmus felt the artificiality of his classification — the 
arbitrariness of the characters he selected for the pur- 
2&. i3ose of division. But a more natural system could only 

Outdoor , 

studios, be arrived at by an intimate knowledge of and intercourse 
with living nature, as well as by a careful comparison of 
its hidden forms and organisation — ic,, by a more de- 
^ See Carus, * Geschichte der Zoologie,’ p. 503, ko. 
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tailed external and internal inoipliology. Both lines of 
study, witli their respective niethuds of observatiun, re- 
search, and reasoning, ^seie cfpially wanted. The former 
was more easily attained with plants, the latter promised 
more immediate fruit in dealing with animals. In follow- 
ing the former, Bernard de Jussieu became the founder 
of modern descriptive botany ; in taking up the latter, 
ill founding comparative nnahimy, <Tef>rges Cuvier became 
for a long tinie the leader in ;^oology. 

liernard <le flnssieu was led to his natural system of no. 
classification, not by any theoretical considerations, but by 
tlie ])ractical task of arr/iugijiig i!ie ]danl.s in the garden 
of Trianon, conlid(Ml to his care by I/)iiis XV., who was a 
gi’cat lover of botany. He bad with liim as assistant his 
ne]>how, Ant. l^naireut cle Jussieu, who in 1789 pul^lished 
his *(ienera Blantarum,’ which is, ho far as method goes, 
the work of his undo. This work produced a verit- 
alJe ve\U)lution in botany, for <mly vsince its publica- 
tion have plants been studied according to the relations 
\vhich they exhibit and according to tlio totality of 
their organisation.’'^ It was not one special character 
or side of thcit‘ existence, arl)itrarily selected by a first 
superficial observation, which served as a means of d(j- 
Bcripiion ; their diflerent parts or organs were conceived 
to bo correlated — dependent on each other and united 
to form the totality of tlieir organisation — their various 
characters were all taken into account, and looked upon 
as su1)ordinatcd one to tlie oilier,^ From the time of 


* See ‘ Hi«toire Scieneoa 
NaiurellenJ uar Uetx Cuvier, eom- 
pletiSe par T» M. de Baint Agy, 
Farie; 1845, voL v. p. 298, 


Aug. Pyramo de Caiidtdle 
(‘Thdone eiementairo de Ja 
tft«u|uej Faria, 3810, 2iid ed., p. 
60) gives tliO following account of 
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31 

Problem of 
organisa- 
tion. 


Jussieu we find introduced into natural science, mainly 
for the purposes of classification, the ideas of the correla- 
tion of the different parts and the subordination of the 
various characters of a plant or an animal. Physiology 
and anatomy, hitherto mainly occupied with the study of 
the different organs, were henceforth to be occupied with 
the problem of organisation, the problem of the unity of 
the various characters and organs. Inspired by Jussieu, 
De Blainville looked upon the whole development of the 
natural sciences as the history of our knowledge of 
organisation,^ and De Candolle, Jussieu’s great successor 
in botany — the name that in systematic botany ruled 
the nineteenth century — wrote an ' Organographie vegc- 
tale,’ a rational description of the organs of plants.^ 


the method of the two Jussieus : 

Ce qui characterise la mdthode 
des Jussieu, c’est qu’elle est fondee 
sur la subordination des caractlTes. 
Sen tan t le vague des simples 
methodes de tatonuement, I’ex- 
ageration du prmcipe de com- 
paraifeon uniforme et gendrale des 
organes, ils ont les premiers re- 
marqud avec soin, que tous les 
organes, tous les points de vue 
sous lesquels on peut les con- 
siddrer, n’ont pas un egal degre 
d’lmportance, ni de permanence, 
que quelques-uns semhlent, pour 
aiusi dire, dominer les autres; de 
sorte qu’en etaUissant la classifica- 
tion d’ahord sur ces organes pre- 
dominans, puis les divisions 
secondaires sur ceux qui ont un 
moindre degrd d’interet, on est 
conduit h imifcer le plus possible 
Tordre de la nature dans celui de 
la classification. Ce principe simple 
et peu contestable a dte fdcond en 
consdquences importantes ; et c’est 
sous ce point de vue, que I’uu des 
hommes qui a le plus profondd- 


mont rdfiechi sur la marche des 
sciences et sur le plan gdndral de 
la nature, a proclamd, dans une 
occasion solennelle, le livre de M. 
de Jussieu, ‘comme un ouvrage 
fondaniental, qui fait, dans les 
sciences d'observation, une dpoque 
Iieut-etre aussi iinportantc que la 
chimie de Lavoisier dans les sciences 
d’expdriencc.’ ” (See Cuvier, ‘ llap- 
port historique sur les progres des 
sciences naturclles,’ Paris, 1810, 
p. 305.) 

^ See the ‘Etude sur la vie et 
les travaux de M. Ducrotay de 
Blainville,’ par Pol. Nicard, Paris, 
1890, p. 157 s{j. 

Sec A. Pyr. de Candolle, ‘Or- 
ganographie ydgdtale ou Descrip- 
tion raisonnee des Organes des 
l^lantesj Paris, 1827, 2 vols., 
especially vol. ii. p. 216, &c, 
“The classifications of the scientific 
taxonomist are of two lands. Those 
of the one sort are merely handy 
reference catalogues. Such are the 
* artificial ’ systems, useful in their 
day and for their particular pur- 
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The proljleni of organisation was iiiuch easier in deal- 
ing with plants than with animals. In tlie former there 
seems to bo only one organ or system of organs delinitely 
developed Jind inarked off — naiatdy, the organs of friicti- 
iication; and tliese iiad accordingly served Linmvus ami 
his successors as the leading character for their de- 
scriptive classibcation. In animals tliere are, or seem to 
be at least, four <ir five wtdl-detined and separated sys- 
tems of organs. The selection, for the purposes of 
classification a,nd morpludogy, was mu(;h more difficult. 
Accordingly wii Jim I (Juvier, wh(» between the years 
l7bo and 1S17 (hsvoted himself to the mor]>hologieal 
and tuiatomical study of the animal kingdom, hossihiting 
in the scdt^ction of the leading chtiraoier a.ccording to 
which he should classify and arrange it. As 1 have 
had occasion to i‘(‘mark above, ^ lu^ finally in 1812 
settled on tlu^ mnwous system as the lea.ding character 
governing the figure of an animal organism.*^ Ilefore 


|)OM*. hni of no otlipr vaUK3. 'Thn 
otlipivi, known m ‘ ihitunil’ rW'ii- 
licatioiift, arc nrran^'ninouf-'. of ob- 
nc<3or<Un^>: to t,h<‘ Huni of tlicir 
lik<MUJ,shoH and unlikonc'.-iswH, in ro* 
of oorliun <;hju%(.otorH ; in 
luoi jjhology, thond’oro, ,mch dufisi- 
iindt iouH nniht luve only to 

nuittem td form, oxtorn.-tl ami in- 
ternal. And natnnil el!»..shifU;{itton 
is of rwnininl iuiporUinw, h«nuu«e 
thf 5 oouHtruiil/ion <d' it jh tin* haine 
ilun^*: iiH i.he ao(jurate jujeneraliHati^ai 
of the factH of tonn, or the 
iishmeni <»f tho <«npiricai Imavh of the 
conadatifni! of Htriodany ’* (Huxley in 
* Life of Owen/ vol. ii. p* lilHii). 

* See vol. i. p, HlOof Uuh history. 

^ On the jj;radual development of 
Cluvier'B fduHHiheation Carus, 
MlcHchiolite der JXoologied pp. 602, 


612, 6M. “it did not cHoape 
Cuvier that the idea of sub»>rdina- 
tion iH artilhaal, and that the iin- 
portanee of an <»r^^an can only bo 
fixed by experience — namely, 
throufjjh the proof rjf its constancy. 
KovcrtlicloHM he follows this priji' 
eiphi, but naturally becomoh vucil- 
latin^. Thus in ITon he names 
the orpine of reproduc.tion, to the, 
a<5tion of which tlio animal owes its 
oxirttfmue, and the or^^aiiB of cir- 
('ulation, on wdiich dependn the 
iudividmd proKcrvatlon of the 
anhuab as tlm tnost inxportant, 
wiiilst in IS 1 2, following the 
example of Yirey, he <leclareH the 
tiervouH By.Mtom to he that Hyntctn 
for the maintenance of which the 
other Hyatem?! Bolely exist/’ {lo<\ 
c/L, p. 602). 


32 

Cuviei 
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38 . 

“Types." 


that, he had already adopted from Lamarck,^ whose 
many-sided genius has made a lasting impress on the 
history of natural science in quite a different direction, 
the broad morphological division of the animal kingdom 
into animals with or without backbone, uniting under 
the former designation the four first classes of Linmnus. 
The more we follow Cuvier in the development of his 
classifying attempts, the more we find the form, the 
figure, the external and internal structure, urged as the 
aspect from which the organisation of living creatures is 
to be considered. To him fixity of form is the ever- 
recurring character of organised beings as distinguished 
from inorganic structures which depend on fixity of 
matter,^ The clearer enunciation of this fixity of form 
is accompanied in Cuvier’s view by the rejection of an 
idea which, before him, had very largely governed the 
speculations of naturalists. This idea, by which Charles 
Bonnet has been immortalised in natural history, is the 
conception of a graduated scale according to which living 
creatures can be arranged — viz., the celebrated lilchelle des 
fitres, coupled with the axiom, Natura non facit saltus.” 
This idea Cuvier rejects as untenable, and introduces in 
the place of it the conception of distinct plans called 
later “types,”® according to which living beings are 


^ “ An indirect inducement for a 
more pointed enunciation of the 
types of the various classes was 
given by Lamarck in 1707 when 
he placed the animals with white 
blood as ‘ invertebrates ’ in opposi- 
tion to those wdth vertebra) which 
expressions (k vertfebres and sans 
vertebres) come from him" (ibid., 

p. 612)* 

See Cuvier’s ‘Kloge of Hauy’ 


(El. iii. p. 156, &c.) and the extracts 
from it and from the * Kcgne 
animal,’ given in the first volume 
of this History, p. 129 and notes 
petssim. 

^ According to Carus (‘ Gesch. cl. 
Zool.,’ p. 615), the term “type,” 
which became current later, was 
introduoed>y De Blainville, a philo- 
sophical naturalist who held a 
kind of middle position between 
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modelled, and which have always existed. These types 
or archetectonic models are capable of certain modifica- 
tions, which, however, do not aileet the main features oE 
the plan. The ditierent classes of these main types, 
called '' embranchemcnts,” and designated as backboned, 
molluscous, aiticulate, and radiated animals, stand near 
each other in independence and form no scaled 

The morphological view of nature took a somewhat 
diflerent turn in Do Candolle, the successor of dussieu in ^ „ 

DeCanrlollp. 

Ijotany, who, wliile greatly iudclded to Cuvier, ackiiow- 

Cuvier and liis o])p(niient, GeoHroy H|^dly lu!>» four cbis'iOK, Lammxk 

St Hilaire. In 1816 Blxinvillegavc \^aK W(addng .'it hus ‘ Tllstrure Uritur- 

the iiriiiciples of a new c]ata*^ifica* ellc <h*s Auimaiix .saiiM vcilMireH,’ of 

tion of the amnial kingdom, m wliieh tlio SSy^tomo,’ &c. (Pariw, 

which, for the tir.st tiniG, the totality USOl), can lie eou«idered the first 

of structure of an in lal.s WMN u.^ed to edition, thu larger work a]>]»eanng 

characterise huger cliviHionH.” lie from 3816 to 1.822, W^itb him th(‘»e 

divider aniinalh fii'Nt of all into in no luention of a phui or a type, 

tliree Hub-kingdoms — sy mrnetrical, Hib claBHeH form a progrensive boi ies, 

radiate, and tliohc without legular and he wan the tiri4 to follow the 

form. T>e lUamville KeomH to have path from the Him])le to the more 

been an iunpiring teacher, whoKe complex. In opposition to Cuvier, 

ideas becjunc Buggestive and fruitful he thus wrote; “La nature, dans 

in many other imnds. Nearly the toutCH ses operatioiiR, no pouvaut 

whole of the third volume of })rocedcr fjue gradunllernent, nhi 

Comte’s ‘ P}iiloso];hio Vositive* is pu pmluire tons les animaux a la 

written under a Mcnse of obligation foiK ; ellc ida d’ahord forme uue Ich 

to J)e Blainville, whose *Cours do plus shuple.s, et pasHant flc coux-ei 

physiologie gdn<{r.alc* ct comparde’ juhqueR aux jdus ctimpoHes, elle a 

(182Jb;i2) Comte considers “comme dtabli sui*ce.B.sivement en eux dif- 

le type le plu.s parfait de IV'tat le fereuLs systeincft iBorgaiics par- 

plus avaned de la biologic actuello “ ticuliers, les a multiplioh, en a 

(vol. ill. p. 26St, Paris, 1838), 1’hc augmenie de plus eu plus Tihiergie, 

‘Philosophic l^ositive** was <lcdi« et les cumulant dans les plus par- 

cated to Fourier and He Hkin- faits, ellc a fait ex inter tons les 

villo. How tho latter also antici- animaux eonnus, avec i’organisation 

pated the modern conceptions of et les facultes que nous leur ob- 

“Stoffwochsor* and “ Metabolisin’’ servous. Or, elle u’a rien fait 

sea Claude Bernard, *Phcnum^nes absolumeut, ou alia a fait ainsi.*' 

de la vie cominuns aux aninmux (* Hist, des Animaux sans verttibreH,’ 

at aux vdgetaux’ (1886, vol. i. 2nd ed., par HeshaycM et Milne 

p. 36),^ Edwards, Bruxelles, 1837, vol. i. 

t It is historically interesting to p. 42. Of. also Cams, loc. mt.^ 
note that about the time when p. 61 C.) 

Ouvier'was gradually defining more 
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ledges yet another prominent influence in the forma- 
tion of his ideas. Cuvier, the zoologist, contemplating 
the existing forms of nature from one of the two main 
points of view, was impressed with the contrast be- 
tween the lifeless and the living, seeing in the latter 
stability of form, not of substance, — what we should 
now term dynamical equilibrium. To him the vor- 
tex is the symbol of life. De Candolle in studying 
plants is struck with the underlying regularity and 
symmetry of their formation. His views were formed 
after very extensive practical occupation with descriptive 
botany, which was followed by a lengthy residence in 
Paris, where, next to Cuvier, he came greatly under 
the influence of the Abbe Hauy, the founder of 
crystallography.^ From the Jussieus he learnt the im- 
portance of looking at the ‘‘ensemble,” the “port et 
aspect” (facies, habitus);^ from them and Cuvier the 
value of the principle of the subordination of characters, 
and the correlation of parts in the organisation of the 
whole.^ But he fastens mostly upon the underlying 


^ De Candolle, ‘Th^orie <§l(jraen- 
taire de la Botankiue,’ 2nd ed,, 
Paris, 1819, p. 72 : “ Je dois encore 
compter, au nombre des causes qui 
ont influx sur ramelioration des 
mdthodes botaniques, d’un cdtd les 
perfectionnemens importans que la 
classification zoologique a re^us, 
priucipalernent par les travaux 
pliilosophiqueB de M. Cuvier, trav- 
aux qui ont rdagi sur quelques 
parties de la Botanique elle-meme, 
et dont je m’honore d’avoir profits ; 
de I’autre, les importans travaux de 
M. Hauy sur les lois de la crystallisa- 
tion, et notamment sur les ddcrois- 
semens des rang^es de molecules des 
cristaux, lois par lesquelles j’ai dtd 


conduit ii quelques-unes des iddes 
que j’exposerai dans le livre sui- 
vant.” Cf. also ‘ Orgaiiograpliie 
vdgdtale,* Paris, 1827, vol. ii. p. 
237. 

2 ‘ Tht'orie dlementaire,’ p. 89 ; 
also, p. 216, 

^ This principle is stated very 
clearly by Cuvier in many places — 
c.^., in the celebrated “Discours*’ 
prefaced to the ‘Eecherches sur 
les Ossemens Fosbiles ’ (3rd ed., 
4to, 1825, vol. i. p. 47): ‘‘Tout 
6tre organist forme un ensemble, 
un syst^me unique et clos, dont les 
parties se correspondent mutuelle- 
ment, et concourent h la mume 
action definitive par une r^Saction 
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regularity and symmetry, and studies the causes which 
in the actual visible specimens of plant life veil atid 
cover up this symmetry; as Hauy^ had taught us in 
crystallography to recognise the primitive forms which 
appear changed by the phenomena of decrescence.^ De 
Candolle accordingly enters very fully into the theory 
of abortive, degenerate, and coalesced forms, recurring 
again and again to the statement that the '' etiHcmhle” 
of nature tends to make one think tliat all organised 
beings are regular in their most intimate structure, and 
that various and differently coial)ined abortiA'e efforts 
produce all the irregularities which strike our glance 
and embarrass our combinations.”^ Ami the morplio- 


rdci])roque. Aucune de cea partiew 
ne pout changer sana que les autros 
changent au&ai ; et par consequent 
cliacune d’elles, pii.se separC'inciit, 
indi(iue et donne toutes les auires.” 

^ Of. ‘Theor. elem.,’p. 116, where 
he draws a parallel between the two 
methods in crystallography repre- 
sented by Romd de I’lsle and Haiiy 
and similai* methods m botany. He 
reverts to this frequently — e.//., 
‘ Organographie,’ vol. ii, p. 237, 
where he says; premier rai- 
sonnait comme ceux do.s botanistes 
qui voyaient une feuille ou une 
corolle comme un tout unique, 
entaille sur sea bords par une cause 
inconnue ; le second m'a servi de 
guide lor.yque j*ai tentd de montrer 
que les dccoupures divenses des 
organes vdgdtaux terraient essonti- 
ellement aux modes varida et aux 
degres divers de leur agrdgation. 

‘ Tluiorie oliimentaire,’ p. 186 : 
“ Les avortemens, los souduros des 
parties, leurs ddgdndrescencea, ne 
foont pa.4 plus des suppositions do 
dcHordre ou d’imperfectxon dans lea 
etres organises, (|ue lea ddorois- 
semens des mol(5cules ne sont doa 
tldsordres dans la cristallisation.’* 

VOL. IL 


•' ‘Thdorie rb'iuentaire,’ p. 97, 
&c ; also p. 236 ; La viaie scienco 
de I’histoire naturellc gdndtale cun- 
si-ste dans Vdiude de la syuidtrie 
propa*e a chatjue farrnlle, et do.s 
rapports de ee.s faiaillcK entj'’elloH ; 
toute la re.ste n’est (iu*un dchafaud- 
ago pluH ou !noiii.H iridustrieux pour 
juirvenir a ee but,” And * Organo- 
grapluc vegdtale, vol. I p, x. : 
“ L’organographie c.st la ba.se com- 
mune do tonte.M le.s purtic,s fie la 
Hciciieo des etres fn'ganisds ; {‘on- 
sidorde en cc <pii tient ii la symetrie 
des ctres, die est lo fon< lenient do 
toute la tbuorie des cl.issifit'ation.s, 
&c.” And again, ibid., vol. ii. 239 : 
“ Plus le nombre des ctros connus 
a augiaeuid, plu.s on les a etudius 
avers som, plus ou s’e.st convaincu 
dc ce principe <iue j*ni eld le pre- 
mier, ou Tun des premiers ernsneer 
dans sa gdimralite, (|u’il est presque 
certain que le.s otres oi-ganisds sout 
sytuctrifiucs ou rcguIierK lors qu’on 
lea con.sid(!ire dans leur type, et 
que les irrdgxxlaritds appaT'entes 
des vdgdtaux tienuent de.s phdno- 
mftnes constaus ent-re certaiuos 
Ixmites, et suBceptibles d’exister, 
soit sdpardmont, soit rdunis, tola 

Q 


3r». 

11 regularity 
and 

symmetry. 
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logical view is still more clearly expressed in the 
further analysis of their regularity and symmetry. The 
chai'acter of the structure is to be found in the ex- 
istence or absence, in the relative or absolute position, 
number, size, and shape of the different organs,^ whereas 
the use or functions of the organs, as well as their 
other sensible properties,^ are considered to be, not 
the cause, but the consequence, of their structure, and 
hence of little importance in the anatomy, and of 
none in the classification, of plants, whatever may be 
their value from a physiological point of view. “ But 
symmetry supposes a primitive plan or archetype, and 
the proofs of symmetry are those of a general order.'^ ^ 
‘‘The natural classification of organised beings consists 
in appreciating the modifying circumstances, and in ab- 
stracting them so as to discover the real symmetrical 
type of each group/’ ^ Here again I)e Candolle refers ^ to 
the examples of the crystallographer and the astronomer, 
who both make abstraction of the disturbing secondary 
influences in order to arrive at the primitive form and 


que Pavortetnent ou la tl(Sgd»4r- 
escence cle certains organea, leur 
soudures entre eux ou avec d’autres, 
et leur multiplication d’apres des 
lois rdguliJsres.’* 

^ ‘Thdorie dldm.,’ p. 147; “La 
ftymetrie organique se compose d’un 
certain nombre d’dldmens dont les 
principaux sont : Texistence ; la 
position relative ou absolue ; le 
nombre relatif ou absolu ; la gran- 
deur relative ou absolue ; la forme ; 
Tusage ; la durde ; . . . les qualitds 
sensibles,’* &c. 

® Ibid., p. 170; “L’usage des 
organes est une consequence do 
leur structure, et n’en est nulle- 
ment la cause, comrae certains 


ocrivains irrdflcchi.s semblent Tin- 
diquer ; I’usage, quelle quo mii son 
importance dans I’dtudo pbysinlo- 
gique des dtres, n’a done eu lui- 
nieme ciu’une uiddiocre importance 
dans Fanatomie, et ne pent en 
avoir aucune dans la taxonomic.” 
... " Oe quo je viens de dire de 
I’usage des organes, s’applique li 
bien plus forte raison encore a lours 
qualitds sensibles, qui ne sont <|ue 
des consequences plus ou moins 
clirectes de leur structure,” &c. 

3 Ibid., p. isr>. 4 Ibid., p. 1E8. 

3 See especially the chapter “ Be 
la Symdtrie vdgdtale” at the end 
of the ‘ Organograplue,’ voh ii. p, 
236 
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the true orbit. It follows that we must study the 
different species as constant things,” ^ and that this is a 
more “ dignified ” occupation for a naturalist than the 
accumulation of doubtful cases in favour of the non- 
permanence of species,” ^ He agrees with Cuvier in 
rejecting the older idea of the “ cchelle des etres,” ^ and 
he praises the sagacity of Linnuius, who suggests that 
the vegetable kingdom resembles a geographical chart, 
— an idea which, in the hands of several French and 
German botanists, has become a fruitful conception. 

In l)e Candolle we meet with a repeated accentuation 
of the recurring symmetry of form, of the existence of 
definite primitive types, in the vegetable kingdom. 
Simultaneously with him there was labouring* another 
thinker and keen observer of nature, who was primarily 
struck by the resemblance exhibited in the dii'lerent 
parts or organs of one and the same plaut, and searched 
for the type or plan on which they wore modelled. He 
introduced into the vocabulaiy of scientific language 
the expression metamorphosis of plants.” it was 
Goethe the poet who, in 1790, puhlished under tliis 
title his first contribution to morphological science. In 
subsequent publications and essays, covering the last forty 


■' “Theorie dli^mentaire,*' p. 193, 
^ Ibid, Ibid., p. 230. 

^ ‘^Linnd a le premier, avec sa 
sagacitd ordinaire, compard lo regno 
vdgtStal une carte gdograpliique ; 
cette mdtaphore, mcliiiU(5e clan« son 
livre par un feeul mot, a 6tii d<S' 
velopp^e enBuite par Giseko, Batfech, 
Bernardin de Saint-Pierre, L’Hdr- 
itier, Petit - Thouars, &c, Et 
quoi qu’on ne doive la prendre 
pour une simple image, cette image 


ent tenement juHte, tenement 
fdcoude en or>nBe<iuences utiles, 
qu’il est pent - dtro convenablo 
ci’entrer dans cpielqucs details 
ult($rieur.«i. Jo suppose pour uu 
moment cette carte exdcutde; lets 
classes rdpoudent aux parties <lii 
raonde, lew families aux royaumew, 
lea tHlms aux provmees, les genres 
aux cantons et les especes aux 
villes ou villages,” ^c. (Thcor, 

p. 231 ). 


30 . 

tjod-hft’s 

uu'tamor- 

pliosis, 
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years of his extraordinary life, he again and again reverts 
to the subject, which with him is only one chapter in the 
extensive science of morphology, of which he was indeed 
the first to form a general conception. Goethe’s ideas 
hardly influenced the course of science, but in the history 
of thought they form a remarkable anticipation of later 
views, and have accordingly been frequently referred to 
by contemporary writers, notably by Haeckel and Huxley 
in their important works on Morphology and Evolution. 
Of the foremost scientific writers, De Candolle was almost 
the only one^ who, during Goethe’s lifetime, referred to 
his views with approbation ; seeing in his theory of the 
metamorphosis of the leaf a truly admirable divination “ 
of vegetable organisation. Saint - Hilaire’s honourable 
mention of Goethe’s morphological contributions to zoology 
came only just in time to be seen by Goethe himself.'* 


^ See ‘ Organographie,’ vol. i. p. 
551 : “ Les parties de chaque raiigee 
ou de chaque verticille soiit sus- 
ceptibles de se transformer dans la 
nature de la rangee qui la touche 
immcdiatement. Ainsi I’on trouve 
des sdpales changes en nature 
petaloide {Primvla calcycan therm), 
des pdtales changes en diamines 
{Gapsella Bursa - pastoris), des 
etamines changees en oarpelles 
{Magnolia fusoata), ou bien I’in- 
verse, savoir ; des carpelles changees 
en dtamines {Euphorbia palustris), 
des (Stamines changdes en pdtales 
(toutes les fleurs doubles), ou les 
petales transformds en nature de 
calice (Ranwioulus abortivus), M. 
Goethe a tres-heureusement ddsigne 
la premiere de ces sdries de trans- 
formations sous le nom de Metamor- 
phose ascendante ou directe, et la 
soconde sous celle de Metamorphose 
desoendante ou inverse 
^ Ibid, vol, ii. p. 243 ; O'est 


ainsi qu’en voyant la uianiere 
vdritablement admirable dont M. 
Goethe, quoiqu’ habituellemeut 
occupd d'ldees si diffdrentea, a 
comine devinc I’organiHation vc'ge* 
tale, on cst bien tciitd de croire 
qu’il I’a moins inventd qu’il n’a 
generalisd avec genie quelques faits 
partiels heureusement clioisis.” 
This was written in 1827. 

® See Goethe’s ‘ Werke ’ (Weimar 
edition, Abth. II. Bd. vii.), the 
review of “Prineipes de Philosophie 
Zoologique. Discutds en Mars 
1830 au wein de Pacaddrnic royale 
des sciences par M. Geollroy 
Saiut-Hilaire, Paris, 1830,” especi- 
ally p. 181, and dated Sept. 1830, 
In 1831 Geoflroy says of the unity 
of organisation : ‘ ‘ hlllo est pre- 
sentement acquise au douiaine de 
Tesprit humain ; et Thonnour d’mi 
succhs aussi mdmorable appartient 
h Goethe.” Quoted by Huxley in 
*Life of Owen/ vol, u. p. 291. 
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What did great harm to Goethe’s correct anticipations 
was the fact that in optics he had unsuccessfully com- 
bated the generally accepted ISTewtonian theory of 
colours, and that his morphological glimpses were 
talven up by Schelling and his school and incorpor- 
ated in the fantastic speculations of the philosophy 
of nature. They shared the fate of this and passed 
into temporary oblivion. 

The idea of the fixity of certain forms in nature, of 
the archeteetonic modelling of her objects according to 
certain archetypes, whicli Cuvier had put forth as the 
result of extensive observation and inductive exani- 


iiiatiou of living and fossil fonns, whicli in Jlo Candolle 
was connected with the conception of g’cometrical order, 
regularity, and syiumetiy, found in Goethe’s mind an : 
artistic sanction. It is,” us tlio liistorian of liotany typo!' 
has remarked, '' tlie idealistic concojition of nature which 
looks upon the organic forms as continually recurring 


^ A full (liscusaion of Goethe’s 
theory of colours will he found in 
two addresses of Helmholtz : the 
first, from the year 185^5, was re- 
printed in the first volume of 
his often -quoted ‘Vortrage uud 
Reden ’ ; the second was delivered 
nearly forty years later at the 
meeting of the Goethe Society at 
Weimar, in June 1892. In the 
latter Helmholtz significantly re- 
fers to the great revolution which 
ill the interval had come over scien- 
tific thouglit through the general re- 
cognition of the principles of energy 
and of evolution. By the light of 
these we are I letter able to under- 
stand the shadowy but nevertheless 
truthful anticipations containe<l in 
Goethe’s poetical and scientific 
writings. Helmholtz traces the 
errors of Goethe’s colour - theory 


largely to the fact that ho ’worked 
witli iiuporfecl apparatus mid im- 
pure colour^. ; that he never had 
hef«»re his eyes perfec'tly puriiieil 
homogeneous - coloured light, and 
hence ’W'ould not believe lu its 
existence. On this difficulty,’^ 
Helmholtz continues, “of complete 
purification of the simple Hpectral 
colours, a man like Sir 1). Brewster 
foundered, who was much m(»re 
experienced aud clever in optical 
cxj»orimenting than Goethe, and 
was equipped with the best in- 
Htrumentn” (Goethe’s ‘Voralmung 
kommoncler naturwisHenshaftlicher 
Jdoen/ by H, von Helmholtz, 
Berlin, 1892, p. 30). Of. also 
Helmholtz’s Memoir on Brewster’s 
Analysis of Sunlight, 1852. Re- 
printed in Wxssensohaftl Abhandl, 
vol. ii. 
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imitations of eternal ideas in the sense of Plato, and 
which confounds these abstractions of the mind with 
the objective nature of real things.” ^ Nevertheless, we 
must recognise that through the vague and poetical ex- 
positions of Goethe's writings there is to be seen the 
fruitful idea of the change, the instability, of forms, as 
an equally important side of reality.^ In fact, Goethe 
oscillates in his half-formed theories between the ideal 


archetypes of Plato and the more recent conceptions of 
Darwin and Spencer, as is proved by the vivid, even 
passionate, interest which he took in the celebrated 
controversy of Cuvier and Saint-Hilaire in the French 
Academy of Sciences in the year 1830, — an incident 
which carries us into the midst of the ideas witlx which 


the following chapter will be occupied. 

P>efore we take up those entirely different Hues of 
observation and reasoning, we must note a great ex- 
pansion and development of the study of the form of 
natural objects — of morphology — in two independent 
directions. One of these carried the study of forms 
into the larger dimensions of time and space, the past 


^ Sach«, ‘Geschichte der Botanik,’ 

p. 181. 

- Of Goethe Huxley says (‘ Life 
of Owen,’ vol. ii. p. 290) : “ On 
the face of the matter it is not 
obvious that the brilliant poet had 
less chance of doing good service 
in natural science than the dullest 
of dissectors and nomenclators. 
Indeed there was considerable 
reason, a hundred years ago, for 
thinking that an infusion of the 
artistic way of looking at things 
might tend to revivify the some- 
what mummified body of technical 
zoology and botany. Great ideas 
were floating about; the artistic 


apprehension was needed to give 
these airy nothings a local habit- 
ation and a name ; to convert 
vague suppositions into definite 
jaypotheses. And I apprehend that 
it was just this service which 
Goethe rendered by writing his 
essays on the intermaxillary bone, 
on osteology generally, and on the 
metamorphosis of plants.” A very 
full appreciation of Goethe’s merit 
will be found in all the principal 
writings of Ernst Haeckel, notably 
in the fourth ehapter of the first 
volume of the ‘Natiirliche Schdp- 
fungBgeschichte,’ 9th ed., Berlin, 
1398. 
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of history and the morphological changes of the earth ; 
the other carried it into those small dimensions where 
the unaided eye sees only sameness and repetition, but 
where the microscope reveals the hidden structure, the 
internal and minute forms, of which living matter is 
made up. 

I have already pointed out how the great travellers 
of the second half of the eighteentli century — Banks, 
Pallas, and Humboldt — carried the study of nature 
beyond the narrow limits of the museum and the work- 
room into the larger area of nature, of the present and 
the past world. Camper in Holland, Hunter and Monro 
in this countiy, Blumcnbacli and Sooinniering in Ger- 
many, Siiussuro ill Geneva, towards the end of the eigh- 
teentli and the beginning of the nineteenth century had 
begun to unite these scattered discoveries and records 
into something like order and system. It was again ss. 

n , i • 1 ITT .. 

the great merit of Cuvier to publisli a inonumcntal 


^ Of the labourH of other natural- woi’krf and lectures had a great 

ists who preceded C'uvicr, a very influence on the development of 

full account will be found in a post- the mure philoHt)phlcal iside of nat- 

humouH work of Ducrotay de lUain- ural science in France, aa many al- 

ville, edited by M. Pol Nicanl and lusions of Auguste Comte, XUourens, 

entitled ‘ Cuvier et Geofl'roy Sain b- Claude JJenmrd, &c., sufficiently 

Hilaire’ (1890). The author, as is jirove. fn the chapter on Paheont- 

well known, was for some time a oh>gy in the work on Cuvier (p, 

colleague and collaborator of Cu- 380, ike.), De Blainville does full 

vier, with whom he fell out, partly justice to Oaiiiper, Bluuienbacdi, 

from personal reasons, partly owing Soemmering, and other Continental 

to the whole bent of his scientific naturalists, with whose labours 

researches, which was much more Cuvier, through his German educa- 

philosophical than that of Cuvier. tion, was better acquainted than 

He had a very great appreciation his French colleagues. There is 

of Lamarck at a time when that also a significant remark of his 

speculative naturalist was unknown on the fact' that Cuvier was essen- 

or treated with neglect, not to say tially a collector and dissector, 

with ridicule. The criticisms of Do a man of the museum and the 

Blainville on Cuvier must be taken library, not an outdoor naturalist 

with caution; nevertheless his (p. 241). 
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work on the subject and to found the science of 
palceontology. His reseai’ches in this subject were 
based upon the collection of fossil remains which had 
been begun by Daubenton for the natural history of 
Buffon, and which he arranged and largely increased ; on 
the collection which Camper had made at Amsterdam ; 
on descriptions which he procured from all the colleetoi's 
of Europe ; notably from Blumenbach ; on his excavations 
together with Brogniart in the environs of Paris. As 
early as 1798 he announced his intention of collecting 
everything that was known on fossil remains in a great 
tableau — a plan which was not realised till 1812, when 
his many separate publications were united in the great 
work on the “ Ossements fossiles,” and was only completed 
by the greatly revised and augmented edition of 1821. 
This work is important in morphological science, not 
only because it contains many accurate and still highly 
valued descriptions of ‘‘ extinct species,'' but also because, 
in its celebrated introduction ^ on the revolutions on the 
surface of our globe, it takes a comprehensive view of the 
changing aspects which succeeding ages, divided by great 
catastrophes characterised by distinct geological formations 


^ In this introduction (p. 52 of 
vol. i.) there is also to be found the 
celebrated passage in which Cuvier 
says that by the application of his 
principle of the “correlation of 
parts” he could, if he only pos- 
sessed one well-preserved fragment 
of a bone, determine everything as 
certainly as if he possessed the whole 
animal — a statement on which De 
Blainville (?oc. ciL^ p. 417) has some 
very pertinent remarks : “ Ce ne 
sont pas des anatomistes veritables 
comme Tetaient Hunter, Camper, 


Pallas, Vicq-d’Azyr, Blumenbach, 
Soemmering ot Ncckel (^ui se 
seraient ainsi avanccs, et M. G, 
Cuvier aurait etc bieu embarassd 
lui-mome, si on Tavait pris au mut, 
et cepeiidant o^est cette assertion 
qui restera formulae dans la bouche 
des ignoranta,” &c. Cuvier by this 
method determined and classed 
m6re than 150 mammals {loc, 
p, 53). A more favourable view of 
Cuvier’s woi*k on fossil remains is 
taken by Huxley, ‘Life of Owen,’ 
vol, ii. p. 297. 
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and by the fossil remains of extinct organic creations, pre- 
sented on the surface of our earth. ^^What is certain/’ 
says Cuvier at the close ^ of this celebrated discourse, '' is 
that we are now at least in the middle of a fourth 
succession of terrestrial animals, and that after the age 
of reptiles, after tliat of the pahcotlieria, after that ol 
the mastodons, the inegatheria, there has come the age 
when the human race, supported by some domestic animals, 
peaceably rules and cultivates tlic earth, and tliat it is only 
in the coiintiies formed since this epoch in the recent 
alluvial deposits, peat-1 Mjgs, and concretions, that we nnd 
in a fossil condition those liones which belong to animals 
known ami now living/’ Such is the renum^ of the ideas 
which had followed — nay, even tormented'*^ — Cuvier 
<liiring his researches into fossil remains, and which led 
him to the conclusion ^ that it rc<juired great events 
to bring about the important tlifroronces wliich he recog- 
nised ” — diflerences which the slow '‘inilnence of weather, 
or of climate, or of domestication/’ could not explain, 
but which required the violent action of sudden “ catas- 
trophes,” ^ which frecpiently disturbed the life on this 
planet by frightful events/’*'* broke off the thread of 
operations/’** *‘none of the present agencies of nature 
sufficing- to produce her bygone works/’ 


^ “l>iw*<>urs tiur lea reSvolutionH 
<le la Htirface du globe et Hur Ics 
changeioena qu’clles out produitH 
dana le rogue animal/' reprintofl in 
the art! ed. of the ‘ RechercheM sur 
lea owseinenH foMsilew/ 1825, vol. i. 

p. 172 . 

- Cea idoea m’oni pourauivi, je 
dirai prerique tourmeutd, pendant 
que j*ai fait kvs recherohcH Kur les os 
fossilea, dont j'ai donne clepuis peu 


au puldio la collection, recherchcf* 
qui u’euibrasHcnfc qu unc ni petite 
partie do ces ph/nornenes de I’avant- 
dornior ftge cle la terre, et tjui 
cepeudant m hVnt h tons les autres 
d’une maniere in time'’ (‘Disconrs,’ 
&c., p. 140). 

» Ibid., p. 3, Ibid., p, 8. 

** Ibid., p. y. ® Ibid., p. 14. 

^ **AmHi, nous le rdp(?ton8, c'rtit 
en vain que I'oa cherche, dann ]e« 
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39 . 

Cuvier’s 

catastro' 

plusm. 


40 . 

Study of 
analogies. 


These words, which embod}" a conception since appro- 
priately termed “ catastrophism/' and which picture to 
the mind's eye a succession of morphological changes of 
the entire aspect of our globe, were written at a time 
when, in this country especially, through the labours of 
Hutton, an entirely opposite view was gradually pre- 
paring. With this we shall deal in another chapter. 
The Ouvierian conception of epochs in geology harmon- 
ised with that of distinct types of organic creation. 
These exhibit in space, as those do in time, certain definite 
and distinct morphological characters — i,e., certain typical 
forms and structures on a vast or a small scale, around 
which the features of events and individuals seem to 
oscillate, and which permit us scientifically to classify, 
describe, and comprehend them. This conception gave 
the tone to a long line of researches on the Continent 
and in this country in geology as well as in natural 
history. 

In the study of these typical forms and structures in 
which nature repeats herself, reverting again and again 
to them, but in every single case departing more or less 
from them ; in the study of this order without monotony, 
this change without confusion, this variety of forms in 
which leading features are always recognisable, — the dis- 
covery of analogies played a very prominent part. 
Goethe’s metamorphosis of plants is based upon the 
analogy of their different organs: before he published 


forces qui agissent maintewant h. la 
surface de la terre, des causes suf- 
fisantes pour produire lea revolu- 
tions et les catastrophes dont son 
enveloppe nous montre les traces j 


et si Von veut recourir aux forces ex- 
tdrieures constantes connue.s jusqu’ii 
present, Von n'y trouve pas plus de 
ressources’’ (ibid., p. 20). 
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this first morphological fraguient he had already — led 
by analogy — discovered the intermaxillary bone in the 
upper human jaw. Later he and Oken independently 
traced the analogy between the skull and the vertebral 
column in vertebrate animals, a view which was taken 
up by eminent anatomists, such as Meckel, Spix, and 
Geoffroy Saini-Hilaire.^ The tendency which lay in these 
attempts, of whicli the nietainorphosis of plants and the 
verleljral theory of the skull are only prominent examples, 
is one which was naturally provoked by the opposite 
tendency which anatomical studios had re<ieived through 
Linnreus and (Juvior. Gootho himself gives a clear ex- 
])laiiation of its origin, lii a remarkable ])assagc in the 
history” of his botanical studies, he mentions Shake- 
speare, Spinoza, and Liunieus as the three masters who 
had led him to reilect on the great ])r{)ljlems of art, of life, 
and of nature. Now, he says, the inliuence of linnmus 
lay principally in the o}>position which he provoked. 


* A good atic.ount of the part 
which the vertcbrstl theory of the 
fokull phvyecl in coniparativo an- 
at<jmy will Jjc found in Whewell’^ 
Hifstory, vol, in. p. *'100, &c. Rut 
see againot this liuxley in ‘Life of 
Owen ’ (voh ii, p. 301): The hypo- 
thcHis that the fikull conHiat^i of 
moclitied vorlobnc, a<lvoctitt*<l by 
Goethe and Gken, and the subject 
of many elaborate works, was so 
little reconcilable with the mode of 
its developmeiit that, as early as 
1842, Vogt threw well - founcle<l 
doubts upon it. ‘ Ail efibrtri to in- 
terpret the skull in this way,’ said 
he, *are vam,”* 

- See the VTeimar edition of his 
Scientific Works, vol ii.^ The 
passage given in the text is from 
an earlier account contained in tw^o 
numbers of the * Morphologische 


Hefte’ (IBIT), reprinted loo, cit., p. 
S80, &c. Ifow Goethe continually 
hovcre<l between the the< »ry of 
types and that of development is 
semi in the following pasBage (1831, 
W. \V., vol vl p. 120); “Das 
Weehsolhafte dor Rilanzengestal- 
ton, dem ich kings t auf seinem 
eigen thiimUchen Gauge gefolgt, 
erweekte nun boi mir inimermehr 
die Voratollung: die uns umge- 
benden Ptlanzcnformen seien nicht 
urspninglich determinirt und fest- 
gestellt, ihnen sei viehmehr, bei 
einer cigonsinnigen, generiachen 
und spocifischeii Hartniiofcigkcit, 
eino gliickliche Mobiiitat und 
Biegsamkeit verliehen, urn in ao 
viel© Bedingungen, die iiber dem 
Krdkreis auf sie einwirken, sich 
ssu fllgen und darnach bildcu uml 
umbilden ssu kbnnen.*’ 
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For as I tried to take up his sharp and suggestive 
distinctions, his expressive, useful, but frequently arbi- 
trary laws, there arose in me an inner conflict : what 
he tried forcibly to hold asunder, tended according to 
the innermost demands of my nature to be united/’ And 
as the process of dividing, classifying, and keeping apart 
went on among the successors of Linnmus, so it must 
have produced in many genuine observers of nature a 
tendency similar to that which Goethe describes. They 
would emphasise the resemblances and analogies of 
natural objects and their organs in proportion as the 
classifiers had separated and distinguished them. And 
it was just as likely that the artistic mind of (i-oethe 
might succeed in lifting the veil of nature,” as Hum- 
boldt ^ put it, when he transmitted to Goethe his 
suggestive work on the geography of ^dants, and as 
Huxley - repeated in 1894. Indeed it was the former 
who, on the largest scale, had traced those analogies and 
correspondences in nature which are so much dearer 


^ See Goethe’s own account (in 
Werke, 2 Abtk., vol. vi. p. 163) : 
“Sollte jedocli meine Eitelkeit 
einigermassen gekrankt sein, dass 
man weder bei Blumen, Minern, 
noch Kndchelchen meiner weiter 
gedeiiken mag, so kann ich mich 
an der wohlthatigen Theilnabrae 
eines hochst geschktzten Freundes 
genugsam erholen. Die deutsche 
Uebersetzung seiner Ideen zu einer 
Geographie der Pflanzen nebst 
einem Naturgemiilde der Tropen- 
Linder sendet mir Alexander von 
Humboldt mit einem schmeichel- 
haften Bilde, wodureh er andeutet, 
dass es der Poesie wohl aueh 
gelingen konne den Schleier der 
Natur aufzuheben ; und wenn er 
es Kugesteht, wer wird es leugnen?” 


- See quotation mpm^ p. 246 
note; also (‘Life of Owen, vol. ii. 
p. 288) ; “ The cultivator of botany, 
who went beyond the cLiSsification 
of ‘ hay,' became familiar with facts 
of the same order. Indeed, flower- 
ing plants fairly thi’ust morpho- 
logical ideas upon the observer. 
Flowers are the primers of the 
morphologist ; those who run may 
read in them uniformity of type 
amidst endless diversity, single- 
ness of plan with complex multi- 
plicity of detail. As a musician 
might say, every natural group of 
flowering plants is a sort of visible 
fugue wandering about a central 
theme which is never forsaken, 
however it may, momentarily, 
cease to be apparent.” 
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to the poetical mind of Goethe, and all other artists, 
than the separations and classifications of the men of 
science. “ It is one of Humboldt s unconlested merits 
that he, in order to prove the unity which rules in 
the formation of the earth, searched for analogies in 
the geological constitution of distant countries. As 
we see him pointing out numerous novel coincidences 
between the formations of Mexico and Hniigaiy, so 
likewise \ve owe to him suggestive hints for other 
similar coiniiarisons.'’ ^ Ihit the man in whose labours 
the tendency of tliought \vhieli was uncritically followed 
by Goetlie, and magnificently represented in Ilurnlioldt, 
found the clearest sciontiiic expression, so tar as animated 
nature is concerned, was Etienne (Jeofiroy Saint-Hilaire, 
the friend and ('.(jlleaguo and then the great rival of 
(Jiivier.'"^ No one recognisiMl more clearly the doepei' 
significantte of the groat outhurst of tlie two conflicting 
ways of viewing nature in the Paris Academy of Sciences 
in 1830 tha-ii Goethe himself, who in the eighty-tirst year 
of his life was deeply stirred by seeing his favourite ideas 
espoused by a scientific authority of the first order.’*' 


^ St'O tiuliuh FwalU in the t.lani 
voiuinc of the ‘ Lcboii Huui- 
bol<li\s ’ by Brulnw (German edi- 
tion), }>, 184. 

'-'See Huxley ill ‘Life of Owen,* 
vol. ii. p. 

^ Eekernniiiu in the ‘flonverKi- 
tioim with (Joethe ’ gives the hdlow- 
ing rcinarkahle ueecmnt, under date 
2iid AugUHt ISHO; “^I'he news of 
the outbreak of the French Revolu- 
tion arrived t(»-clay, and created 
oxcitcniont everywhere. In the 
course of tlie aft.ernonn I went to 
Goethe, *Woll,* ho railed out to 
me, ‘what do you think of thiH 


great event ® ^'he vcdc.uio huB come 
t,o an erujilion, everything U in 
liarncH, and ifc i.s lu) longer a diV- 
, <;ut'.'*iou with closed duort*,' ‘A 
j tlreadful alfnir,' I replied. ‘But 
I what ehe eould one expect under 
! the well-known circuinstancch and 
i with sxieh a irihuHtry, hut that it 
would end with the expulsion of tho 
Royal Faiiiily ? ’ ‘ 'Wo do not seem 

to uuderMiiud cneh other, my 
fricind,* retorted Goethe. ‘ I am in 
nowiHii Bpeuking of those people ; I 
I arn conceniod with quite different 
thingrt. I speak of that most im- 
portant contliet which haw come 


41 

Grolljoy 

Saiiil- 

llilaire 
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Similarly the aged Gauss, twenty-four years later, listened 
with emotion when Pdemann, in his celebrated disserta- 
tion, touched a string that had been vibrating in the 
master’s soul for fifty years, unheard or unheeded by 
any other thinkerd We can best understand the two 
ways of reasoning in natural objects, which found an 
expression in the controversy between Cuvier and Saint- 
Hilaire, if we read the account which Goethe himself 
subsequently published in a Berlin periodical : ‘‘ Cuvier 
labours untiringly as a distinguisher, describing accur- 
ately what lies before him, and thus attains a command 
over a great breadth of facts. Geoffrey Saint-Hilaire, 
on the contrary, is silently exercised about the analogies 
of living creatures and their mysterious relations.” ^ The 
two men had worked as colleagues for thirty-eight years, 
Cuvier continuing and defining more cleaidy the classi- 
fying work of Limiosus, who, for example, had thrown 
all non-vertebrate animals into one class. This led him 


to pass in the Academy between 
Cuvier and Geoffrey Saint-Hilaire, 
and which is of such importance 
to science.’ This utterance of 
Goethe was so unexpected to me 
that I did not hnow what to say, 
and that for some minutes I ex- 
perienced a complete cessation of 
my thoughts. ‘The matter is of 
the greatest importance,’ continued 
Goethe, ‘and you have no idea 
what I feel concerning the news 
of the 19th July. We now have 
a mighty ally permanently in 
Geoffrey. But I also see from it 
how great is the interest of the 
scientific world in France in this 
matter, as, in spite of the frightful 
political excitement, the meeting 
took place in a crowded house. 
What is best is, that the synthetic 
treatment of nature, introduced by 


Geoffroy in France, cannot again 
go back. ... I have for fifty 
yeai-s laboured in this cause ; first 
alone, then supported, and at last, 
to my great delight, excelled by 
congenial minds. . . . This event 
is for me of incredible value, and 
1 rejoice rightly over the ultimate 
general victory of the cause to 
which I have dedicated my life, 
and which also is essentially my 
own.’ ” 

^ On this incident see the prefa- 
tory notice in Kiemann’s ‘Mathe- 
matische Werke,’ ed. Weber, LeipKig, 
1876, p. 617 ; also the 13th chapter 
of this volume. 

Goethe in the ‘ Berliner Jahr- 
biioher fur Wissenschaftliohe Kri- 
tik,’ vol. ii., 1830, September, re- 
printed in Werke XI. vol. vii, p, 167 

m- 
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finally in 1817 to establish the four great classes — the 
vertelirate, the molluscous, the articulate, and radiated 
ty-pes — m the animal kingdom. His colleague had con- 
tributed much to Cuvier’s work, but had been increas'- 
ingly struck by what lie termed the “ unity of organic 
composition,” which he evermore looked upon as a key ^ 
to the comprehension of nature : he searched for one 
plan or type wliere Cuvier saw four types. In 1818 
he published liis principle in a celebrated work with 
the title, ‘ Thdorie des Analogies, on de niilosophie 
Anatomique.’ It has been coirectly stated that he 
only gives more precise expression to a truth known 
to Aristotle and proclaimed by Jluhon, that the mystery 
of organisation consists in “ unity of plan combined with 
variety of compusiiion.” Chivier cmpliasised and studied 
the latter, his colleague the former. Foi an intimate 
knowledge and description of natural objects the work 
of distinguishing is all iiupurtant; for a comprehension 
of nature the connection of things, the unity of plan, 
the filiation and relations of beings, the mutability of 
species, will ever be tlie more important and fascinating. 
The former was a purely scientific, the latter a i>hilo- 


* See Goetlie’s <letaile<l Report., 
ho, cit.f Werke J1. vol. vii. p. l7li, 
A very full acceuut of ilnn cele- 
brated controversy is also ^iven in 
the postlumious wtirk of Uuerotay 
de Blainville, ‘Cuvier et (ilcoaVoy 
Saint-Hllairc, Bio/ifraplneH Hcientif' 
iqueft,’ ed. Nimrd, Faris, ISVO, 
pp, 357*378, which is specially iti* 
tereatiug, because OeoJfroy'H ideas 
were there traced to Lamarck (p. 
351), of wlioin (h>ethe takes uo 
notice. 

See the “Kbge Historiiiuo 
d*Etiettne OeojBt'roy Saint- Hilaire/* 


pfar F. Flourcns, in the third vohuiie 
of his ‘Recueii des Elopjes,’ kc., 
Paris, 1862, pja 229-2S1. He quotes, 
infer Mt, a passage from Vicfp 
d’Azyr ; “ La tnifcuro Bciuble operer 
touj<mrRd*api’eH U!i modole primitif 
et gthidral dont die ue s’dcarte qu’ 
a regret, et dont on rencontre par- 
tout des tracer. , . . On observe 
parLmt ues deux charactered que Ja 
nature scinble avoir iniprimds k tous 
IcH etres, celui dc la Constance dans 
lo typo et cehu <lc la varidid dans 
le» modificationB/' ka* (p. 27C). 


42 . 

CuviiT and 
Gfotlroy, 
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sophical, task. Both thinkers were right, but only par- 
tially right, as Huxley has clearly shown ; ^ but it was 
natural that Cuvier’s position should for a long time be 
regarded as the stronger; since he had shown how, by 
detailed research, to increase enormously the stock of 
actual knowledge about the things of nature; whereas 
the uncritical and only half practical suggestions of 
Goethe had undergone in the wild speculations of 
Schelling, Steffens, and Oken a development that fright- 
ened off men of exact thought. Cuvier saw the necessity 
of crying halt to these vague dreams which he had the 
merit of opposing, for the lasting benefit of true science, 
with the full force of his great authority.^ 

As in Prance and Germany so also in England, the 
tendency to distinguish minutely, to describe, to classify, 
and in doing so to fill the museums with new specimens, 


^ ‘ Life of Owen,* vol. ii. p. 296 ; 
‘‘The irony of history is nowhere 
more apparent than in science. 
Here we see the men over whos.e 
minds the coming events of the 
world of biology cast their shadows, 
doing their best to spoil their case 
in stating it ; while the man who 
represented sound scientific method 
is doing his best to stay the inevit- 
able progress of thought and bolster 
uj) antiquated traditions. The pro- 
gress of knowledge during the last 
seventy years enables us to see that 
neither Geoffrey nor Cuvier was 
altogether right nor altogether 
wrong ; and that they were meant 
to hunt in couples instead of pull- 
ing against one another,” 

^ As to Cuvier’s own wavering on 
the great question of the fixity of 
species, see Huxley, loo. eiL, p, 294 : 
“During the earlier part of his 
career, I doubt if Cuvier would 
have categorically denied any of 


Geoffrey 's fundamental theses. And 
even in his later years Sir Charles 
Lyell, many years ago, gave me 
reasons for the opinion that Cuvier 
was by no means confident about 
the fixity of species. There was 
never any lack of the scientific im- 
agination about the great anato- 
mist ; and the charge of indifference 
to general ideas, sometimes brought 
against him, is stupidly unjust.” 
And further, p. 295 : “ In later life, 
however, Cuvier seems to have be- 
come so much disgusted by the 
vagaries of the NaturpMlosophie 
school, and to have been so strongly 
impressed by the evil which was 
accruing to science from their ex- 
ample, that he was provoked into 
forsaking his former wise and 
judicious critical attitude; and in 
his turn he advocated hypotheses 
which were none the better than 
those of his opponents.” 
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and to discover and arrange systematically unknown 
and extinct species, got the upper hand for a long 
time. No one has done better work in this large 
field than Eichard Owen, who has been termed with 
some propriety the British Cuvier. But in following 
the lines and filling up the schedules which Cuvier 
had prepared, Owen and other ^ contemporary workers 
in the same field have also had the ginat merit of 
bringing the Cuvierian view to the point where it 
clearly leads on to another and more compreliensivo 
view of nature. In the first place, it happened that 
in finding and describing the remains of extinct animals, 
increasing difficulty was experienced in deciding to 
which of the great existing groups of animals they 
should be assigned. There arose the necessity of in- 
terpolating species between groups which we now look 
upon as widely separated. The necessity arose of form- 
ing the conception of what is now termed the “inter- 


^ Huxley, Iog eU,^ p. 310 : “Un- 
less it be in the ‘Os, semen ts fossileH,’ 
I do not know where one is to look 
for contributions to piihoontology 
more varied, more numerous, and, 
on the whole, more accurate, than 
those which Owen poured forth in 
rapid succession between 1 837 and 
1888. Yet there was no lack of 
strong contemporaries at work in 
the same field. De Blamville’M 
‘ Usteographie ’ ; Louis Agaaniss’s 
monumental work on fossil fishes, 
achieved under the presHure of 
great obstacles and full of brilliant 
suggestions ; Von Meyer’s long serie.s 
of wonderfully accurate memoirs, 
with their admirable illustration.^ 
executed by his own hands,, all 
belong to Owen’s generation,” 

® See on this Oarua, * Geschiohto 

VOL, IL 


dor Jwoologie,’ p. 648, and Huxley, 
loti. eiL, p. 309, where reference is 
inade to ( Iwen’s tnemoir “ on an ex- 
tinct mammal diwcovercd in South 
America by i Ur win hi 1833, whicli 
Owen named 7^<txodon PlaUmsia, lt> 
is worthy of notice that in the title 
of this memoir tliere follow, after 
the name of the species, the words 
‘referable by its dentition to the 
Rodentia, but with aHlnities to 
the Pachydermata and the herbi- 
vorous Cetacea ’ ; indicating the 
importance in the pind of the 
writer of the fact that, like Cuvier’s 
Anoploth&flum and Palmothcrimii 
Tmodfm occupied a position be- 
tween groups which, in existing 
nature, are now widely separated. 
The existence of one more ‘inter- 
calary* type was established.” 

E 


43 . 
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44 . 

Stu(l 5 ' of 
homoloj^y. 


calary type.” Especially through palseontological finds, 
the landmarks were gradually removed which separated 
the distinct species and groups of organised beings. 
It had happened to Cuvier only in single instances 
that he had to record resemblances between widely 
separated groups. Such resemblances became more and 
more frequent and perplexing. In the second place, 
Owen had the great merit of giving more definite ex- 
pression to the conception of analogies, as developed 
principally by the school which Cuvier opposed. In 
fact, he revised and brought into general use the terni 
homology,” which had already Ijeen used by French and 
German anatomists before him.^ This term signified 


^ Great importance has been at- 
tached to the term “ homology,” 
which, to a reader uninitiated m 
the complicated and changing vo- 
cabulary of the natural sciences, 
presents not a little difficulty. 
It is .a good example of the 
classical saying of Goethe, ‘‘dass 
wo Begriffe fehlen, da stellt ein 
Wort 55U guter Zeit sich ein.’’ In 
the attempt to define the current 
term ‘‘homology,” in seeking for 
numerous examples ot homologies 
as distinguished from analogies, iiat- 
uralists were led to the recognition 
of real, not only of verbal or logical 
distinctions. In this respect ifc is 
most instructive to read Owen’s 
treatise ‘ On the Archetype and 
Homologies of the Vertebrate 
Skeleton ’ (1848), the enlarged re- 
print of a Report to the British 
Association in 1846, In it he gives 
a pretty full history of the term 
homology, which in the first half of 
the nineteenth century became cur- 
rent with special meanings in three 
independent sciences. With the 
precision of the usage, both in 
geometry and chemistry, the vague- 


ness of the term as unccI by nat- 
urahsUsiands in cliaiacloristic con- 
trast. “The conospondijig paits,” 
Sir R Owen there says (p. o), 
“ill different animals being made 
namesakes, are called technically 
‘ homologues.’ The term is used 
by logicians as synonymous with 
‘homonyms,’ and by geometricians 
as signifying ‘the sides of similar 
figures wliich arc opposite to equal 
and corresponding angles,’ or to 
parts having the same propor- 
tions : it appears to liavo been 
first applied in anatomy by the 
philosophical cultivators of that 
science in Germany. Geoifroy 
Saint - Hilaire says, ‘ Les organes 
des sons sont hotnoIofjucSj comine 
s’cxprimerait la jihilosophie Al- 
leinunde; e’est-a-dire ([u’ils soiit 
analogues dans leur mode de 
ddveloppoment, s’il e-xiste vihitable- 
ment on eux un mdme principe de 
formation, une tendances uniforme 
h se rdpdter, h se reproduire de la 
mcme fayon.’” After remarking 
on the looseness of this definition, 
Owen proceeds to give his owm, 
taken from the “ Glossary ” ap- 
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correspondence of parts or organs based not so much on 
external likeness as on similarity of origin. iJy admit- 
ting the latter conception, the idea of origin, the rigidity 
of the purely structural classification was lost. Morplio- 
logy became the science, not of fixed, but of fiowing 
forms and structures. It is remarkable that Owen, in 
following up this line of reasoning, was pre-eminently at- 
tracted to the oracular writings of Okeii, whose infiuence 


his great forerunner Cuvier 


pended to the hi fat volume ot his 
‘Hunterian Lecturer,’ a.s folio wh : 
“‘Analogue ' — A part oi organ in 
one animal which has the Maine 
function as another part or organ 
in dilTerent animal.” “‘Hom- 
ologue’— The same organ m <lif« 
erent animals under cveiy variety 
of form and function." He then 
goes on to distinguish “bpec-ial,” 

“ general, ” and “serial” homology. 
For a history of thought the impor- 
tant point m all these discussion.s 
is that, besides the .similarity of 
structure and the .sameness of 
function, relation.s and points of 
compariwon of a different kind 
were introduced ; that these were, 
with more or less clearness, traijcd 
to development ; and that through 
this the genetic view, the doctrine 
of de.sceut, wa.s prepared hy ihoHC 
who, like Owen, were lea.st ready 
to accept it when it appeared in a 
definite form. In the light of this 
new view, of which the next 
chapter will treat, the whole vocab- 
ulary of the oldci morphologi.sts 
rettuired recasting. These older 
views, which traced homology to I 
the existence of definite types, I 
models, or patterns pos.sc.sMing a I 
purely ideal existence, have been ; 
termed Platonic, inasmuch as in i 
the philosophy of Plato the exist- i 
ence of a world of ideal forms or ‘ 


had combated with all his 


archetype.-, served to exjilain what- 
ever of Older is fraind in the re.d 
world of .sepaiafce thing.s. “ The 
term * homology,’ ” .says Prof. Kay 
haukestei, “ belong.^ to the Platonic 
school, hut iM nevortheIe. 5 .M u.sed 
without hesitation liy those v\ho 
reject the views of that school, 
Prof. Owen . . . would underMtumi 
hy ‘ homologuo ’ the same organ 
in diOerent animals under every 
variety of form and function. , , . 
ilui how can the samene.ss of an 
organ under every variety of form 
and function ho e.striblished or in- 
vftKtigatod This is, and always 
ha.s hcen, the stumhling-hlnck hi 
the .study of homoh)gie.y without 
the light^ of Evolutionism ; for, to 
settle this (tuoMbiou of Hameueh.s, 
an ideal ‘type* of .a group <»f 
organi.sms uiuier .studj’' had to he 
cAmlved from the human miiifl, 
after study of the component 
members uf the group; and then 
it could be aMsertod that oi’gan.y 
might be said to be the ‘same' 
in two animals which had a 
common representation in the 
ideal^ typo” (V\nnals and ATug. 
of Natural Pfistory/ 4th series, 
vol. vi,, 1870, p. &c,) Bee also 
Huxley in ‘life of Owen,* vol ii. 
p. soy, ; and J, Arthur Thom- 
son, ‘The Science of Ufe,* p. Sli 
(1899). 
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might, and who “ provided him with the subject-matter 
of his severest as well as of his most justifiable 
sarcasms.” ^ 

The great extension of the morphological or struc- 
tural view of nature into distant time and space — into 
palaeontology by Cuvier and Owen, into geography by 
Humboldt, Eitter, and others — i.e,, morphology on an 
extensive scale — led to an appreciation of the labours 
of a different class of students of nature, namely, those 
who — also on a large or a smaller scale — investigated 
the agencies which bring about and the laws which 
govern the change of forms. I have now to mention 
the last great contribution to the purely morphological 
45. view, I mean the cellular theory, which tended ultimately 

The cellular . . .1 

theoiy, in a Similar direction. 

The earlier researches into the minute microscopic 
structure of organised beings — such as those of Malpighi 
and Grew in the seventeenth century — were conducted 
by persons who took an equal interest in animal and 
plant life.^ But this class of research soon fell into 
the hands of specialists, with the result that anatomy, 
the science of animal structure, and phytotomy, that 
of vegetable structure, were conducted on different lines 


^ Huxley, ‘ Life of Owen,’ vol. ii. 
p. 315. 

^ Carua (‘Gesch, der Zoologie,* p. 
395) meutiona especially M^pighi 
(1628-1694) as an exception, inas- 
much as he conducted lus researches 
from a purely scientific interest, 
keeping them free from extraneous 
practical considerations, ‘‘In his 
anatomy of plants there are laid, 
moreover, the first foundations, 
more firmly established by all sub- 


sequent researches, of the doctrine 
of the composition of all organised 
bodies out of cells, which has given 
to the whole conception of the liv- 
ing creation a definite starting- 
point, and in the sequel a firm basis 
for the genetic view.” See also on 
the same subject, and on the rela- 
tion of structural and physiological 
researches in the seventeenth and 
eighteenth centuries, Sachs, ‘ Gesch, 
d. Botanik,’ p, 301, kc. 
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and for different purposes. The fact that the organisa* 
tion of the higher animals, which, for medical reasons, is 
more interesting, can be roughly divided into a variety 
of separate organs or systems of organs, each of which 
can be, to some extent, studied by itself as we study 
the parts and workings of a machine, and that for tlie 
physician greater interest attaches to the functions of 
these organs, placed anatomy for a long time under the 
iniiuence of physiology, which is the science of the per- 
formance, not of the structure, of the j)arts of living crea- 
tures. Phytotoiny, on the otlier side, was for a long time 
neglected, awaiting the greater perfection of the mici’o- 
sco])e. Thus it came about tliat down to nea-rly the 
middle of the century the moipliologieal study of {Uiimals 
and that of plants were ])ursued withont much mutual 
benefit or regard. The pliytotouiists of the seventeenth 
century had established the fact that plants are built up 
of minute parts called variously iitricleB, bladders, vesicles, 
but mostly cells, and which were compared with the 
structure of the foam of beer or the colls of a honey- 
combd Uifferent forms were assigned to these cavities, 


^ Aug. J*yr. do Canduile begiua 
liifs ‘ (Jr^^^anographie ’ (18ii7) with 
the wortU ; “ Ija nature intiuie des 
vugetaux. vue aux pluH fortf^ mi<TO’ 
RCopti-^, oiire peu do tlivorejituH. Los 
plintos lets plus disparates par lours 
tonnes^ extdriourea, se roHsetnUont 
a I’lnteueur a un degrd vraiiuent 
extraordinaire,” &c. ; and after 
going back to the observations of 
Malpighi and Grow, and referring 
to the recent ones of Mirbel, Link, 
Treviranus, Sprengel, Eud<dphi 
Kieser, Dutrochet, and Amici, men- 
tions ICieser’a * Mcwioirp sur POrgan- 


isaiitm des Plantes* (Harlem, 181 id) 
us the only French book which con- 
tains an account of the phytotouiic 
reseiirches carried on by tlio Ger- 
mans, who, after the lapHo of a cen- 
tury, were the first to take up 
these studies again. In the second 
chapter X)e Oanflolle says : ** Le 
tisBU ecllulaiie, considdrd eu masse, 
est un tisBu memliraneux formd par 
un grand uombre de cellules ou de 
cavitL'S closes do toutes parts ; 
Pecurae de la bR*re ou un rayon 
de miel on donnent une idde gro.-.s- 
ifere mais asseis exitct© *’ (p. 11), 
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and it was also recognised that they were frequently 
elongated into tubes or joined so as to form larger 
vessels. In all these researches and descriptions para- 
mount importance was attached to the form and com- 
position of the framework of this cellular arrangement, 
and only little to its contents. In fact, the historian 
of botany^ characterises the period from 1800 to 1840 
as that of the study of the cellular framework of plants. 
The skeleton, as it were, of plant structure received 
primarily the greater attention. In the course of these 
researches, which, with a few important exceptions, were 
all carried out in Germany, one point was permanently 
settled, namely, that “ the cell is the one fundamental 
46 . element of all vegetable structure.’’ ^ No one did more 
Mohi. to establish this important fact than Hugo von Mohl, 
whose name has been somewhat cast into the shade by 
the more attractive writings of Schleiden. It was 
Schleiden who first brought the new cellular theory 
into popular recognition, not without an admixture of 
erroi’S, which had to be gradually eliminated in the 
various controversies with which his name is connected. 


1 See Sachs, loc, cit.j p. 276, &c. 
This period finds its consummafciou 
in the researches of Hugo von Mohl. 
It begins with those of Brisseau 
Mirhel, the first French author who 
took up this line. His laboursi were 
continued and criticised by a long 
list of German naturalists, Sachs 
also refers to the erroneous habit 
these earlier phytotoraists had of 
getting their diagrams of what 
they ft-aw by the microscope made 
by other persons who were sup- 
posed to be impartial — a custom 
fortunately abatidoned by Mohl, 
who in his drawings did not give 


‘‘undigested copies of the objects 
but his own impressions of them 

(p. 281). 

2 Sachs assigns the final estab- 
lishment of this principle to the 
year 1831, and considers it as one 
of Kohl’s achievements, since, 
although it had been aIrcNidy 
announced by Sprengel and IVUrbel, 
iti had not been sufficiently sup- 
ported by observations. Kv«ui the 
curiouvS but antiquated hlea, accord- 
ing to which the spiral fibre fortned 
a fundamental part of plant k rue- 
ture, survived up to 1830 (p. 323), 
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But the highest value for a history of Thought attaches 
to this point for a different reason. In it the long- 
separated lines ^ of botanical and zoological study met 
again. Immediately after the appearance of Sehleiden s 
epoch-making publication — and partly in consequence of 
it — Theodor Schwann was induced to collect, in 1839, 
ail the known observations, coming principally from 
the school of Johannes Muller, which referred to the 
existence and formation of animal cells, and to utilise 
them in the enunciation of his great generalisation, 
“ that there is one universal principle of development 
for the elementary parts of organisms however different, 
and that this principle is the formation of cells/' “ 


^ The fourth decade of the cen- 
tury was also the period in which 
physical and chemical methoclH and 
ideas were — notaljly in France and 
Germany — made useful for ana- 
tomical and physiological I'esearcli 
in zoology and botany. Sachs, 
however, significantly warns us 
against the view, which has since 
been frequently put forward in an 
exaggerated form, that the physi- 
ology of plants consists in nothing 
but applied physics and chemistry 
(loc. cit . , p. 393, &c. ) That Schwann 
himself attaclied the greatest im- 
portance to this point can be seen 
from the preface to his principal 
work. This appeared in 1839, and 
was translated into English by 
Henry Smith, and published by the 
Sydenham Society in 1817 with the 
significant title, ‘ Microscopical Re- 
searches into the Accordance in the 
Structure and Clrowth of Animals 
and Plants. ’ The tninshitor has also 
attached a rendering of Schleiden’s 
‘ Contributions to l^hytogenesis,' 
which appeared first in Part XL of 
Muller's * Archiv fiir Auatomie unci 
Physiologic ’ in 1838, and was also 


translated in ‘ Taylor’s Scientific 
Memoirs,’ vol. ii. pax't 6. 

Schwann, lor, r.it.j p. 105. A 
little farther on he adds the follow- 
ing geneialiHation, which it is well 
to read in the light of more recent 
researches : “ A stimcturelesH sub- 
stance is present in the first instance, 
which lies either around or in the 
interior of cells already existing; 
and cells arc formed in it in accord- 
ance with certain laws, which cells 
become developed in various ways 
into the elementary parts of organ- 
isms. ” It is clear that the discovery 
of what may be called the morphu* 
logical element or unit of organised 
structures in this view meant the 
end of pure morphology, ''J’he 
problem (jf the explanation of exist- 
ing forms was handed over to the 
student of development, to the gen- 
etic view and conception of nature. 
The cellular theory, thus enunci- 
ated, in its greatest generality by 
Schwann, has formed a kind (kf 
provisional resting - place in the 
study of the forms and changes of 
living nature ; as Newton’s gravita- 
tion formula has served as a provi- 


47 . 
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Morphologically the microscopic examination of animal 
and vegetable tissues had thus led not to a clearer defini- 
tion of the great differences which exist in the forms and 
structures of the larger and the full-grown organisms, but 
rather to a conviction of their intrinsic and essential 
sameness. These differences could not be explained in 
the purely morphological manner in which Hauy had 
shown how to trace the difference of crystalline forms 
to the shapes and configuration of the molecules in- 
t^grantes.” The diversity of forms had to be traced to 
TranSion growth Or development — i.e., the purely 

Scievelop^^ nrorphological examination led on to the developmental 
jnent. qj. genetic study of organic forms. And this was made 
still more evident when the microscopic examination 
revealed yet other and more important elements in 
the composition of organic structures, elements which 
were seemingly quite shapeless or amorphous. The 
skeleton, which had so long seemed to contain the key 
to the understanding of organic forms, the framework of 
the plant structure, the cell-walls and partitions, with 
all their geometric figures and arrangements, turned out 
to he of quite secondary importance compared with the 
cell contents, the substance called in animals by Rujardin 
sarcode, and in vegetables by Von Mohl protoplasm, and 
with the nucleus or cell-kernel, which had been discovered 
by Eobert Brown.^ Accordingly great interest attached 


sioxial basis for physical astronomy. 
Both generalisations involve un- 
solved j)roblems, with the difference 
that the forniuUtiou of the cellular 
theory is not as precise as that of 
gravitation. 

^ Both the discovery of the nucleus 
by Kobert Brown and that of the 


cell contents by Dujardin preceded 
the enunciation of the cellular 
theory. Brown’s discovery was le- 
ferrod to both by Schleiclen and 
Schwann. In fact, Brown’s re- 
searches were much better known 
and followed up in Germany tlian 
in England. His papers were trans- 
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to these amorphous ^ constituents, and cliemical investi- 
gations as to their composition were added to the previous 
microscopic dissection. The purely morphological view 


lated into German by a number of 
botanists, and edited in five volumes 
between 1825 and ISS I by Nees 
von Essenbeck. He did not collect 
his original ideas into any gieat 
work or propound a new system of 
classification as did .lussieu and De 
Candolle, nhoui he e(ju.ilb hi Rcieii- 
tific importance ; liis valuable gen- 
eralisations were gl^en (»ccasion- 
ally in liis numerous monographs. 
Sachs consideis him more advanced 
tlian the tw’o gioat rivals just 
named, niasmuch as be bad an 
a}»preciation of (juestions of devel- 
opment which they tackeil (‘GchcIj. 
d. llotanik,’ ji. 121). Humboldt 
called him “ bolauicorum facile 
pnneeps,” and succeeded in procur- 
lug t'oi him, thiough his influence 
with Sir Robert Peel, a pension of 
£200 per annum. 

^ The definition of a cell—^U'., of 
the morphological or form-element 
of organised matter, as consisting 
of a membrane, a coll content, a 
nucleus, and a nucleolus — stood in 
contrast with Felix Ilujardiu's de- 
scription, in 1835, of a living sub- 
stance which be met with in his 
researches in lower animal life, and 
which he had called ‘*sarcodc.” lu 
the place of tins name — the observa- 
tion of iJujai'dm being little noticed 
— Von Mohl, after having for a time 
accepted the erroneous theory of 
Schleiden anti Schwann uh to cell- 
foimation, introduced the term 
** protoplasma,” which has been re- 
tained in science as the name of the 
elementary constituent of all living 
matter with very varying defini- 
timis, according to the difi'eronb 
observations of animal or vegetable 
organismsand the increasing powers 
of the microscope ; tliis having re- 
vealed structures where before only 


1 formless, amoi’iihous suhstance had 
I been observed. The history of 
I these fluctuations of opinions and 
I definitions can bo road both in the 
i older histones (Sachs, Carus) and 
1 the more recent Hccf»unLs. Among 
I these nuinercms exjiositions, see 
! especially Yves Uelago, ‘L’Hdreditc 
{ ct les grands probletnes do la Bio- 
logic,’ 1805, p. 10, &c. ; (). Hertwig, 
‘The Cell,’ translated fioiri the 
German by H. J Campbell, 180.5 ; 
and the most r(‘cent work by Dr 
V.d. Hacker, ‘Rraxis uiid Theoric 
der Zellen und Bcfnmhtungslehre,’ 
Jena, 1800, p. 10, &tn The cellular 
theory lias gamed enormously in 
imjiortunce ami in popular esteeni, 
as has also the study of all micro- 
organisms, through its application 
to medicine and hygiene. In 1847 
Rudolph Virchow founded his cele- 
brated “collular pathologj’,” com- 
bining the many beginnings of the 
cellular theory which had been 
laid by others, in his famous axiom 
oinnis eellula c celhila.” He gave 
up the theory of the free forin,a- 
tion of cells, proclaimed the doctrine 
of the genesis of cells— even patho- 
logical mies — by <;ell-<livision, and 
ailopted OoodsirV theory of the 
uninterrupted filiation of the ele- 
ments of all living matter, of the 
aubmomouH cells. As in general 
biology, so also in ccdlular path- 
ology, the last fifty years have 
witnensed great controversicR and 
many s};ecial ilmorics, one of the 
chief ditiiculties having been to com- 
Inue the tloctrine of the autonomy 
or individuality of the cells with a 
correct vieiv of their filiation and 
connected life, in spite of these 
many changes and modifieationfi, the 
name of Schwann still staiuis at the 
opening of every treatise on funda- 
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had exhausted itself. The fundamental unity of the 
organisation of living beings had been proved ; how was 
their actual diversity to be explained ? This evidently 
required considerations of a very different kind. What 
they were we shall see in the next chapter. The posi- 
tion of the morphologist in the middle of the century 
had thus become one of considerable perplexity.^ It may 
be compared to that of the organic chemist about tlie 
same time. The older ideas, around which, under the 
great influence of Cuvier and De Candolle in zoology 
and botany, of Werner and Humboldt in geology, the 
morphological classification and description of natural 
objects had clustered on the Continent, had liecome 
obsolete. The doctrine of definite types, of architec- 
tonic models, or of distinct ages of creation, separated 
by catastrophic changes, was becoming untenable ; floras 
and faunas of entirely different appearance had been 
revealed in other countries and climates in the distant 
past," or in the great newly-discovered realm of living 


mental biology, and that of Virchow 
at the origin of modern pathology, 
as the greatest practical application 
of the cellular theory. An exceed- 
ingly good record of the dilferent 
and changing views referring to 
the cell will be found in the chapter 
on “Cell and Protoplasm” in J. 
A Thomson’s ‘Science of Life,’ 
pp. 101-117. 

^ “On comprend aisement le 
ddcouragement de Robin renonijant 
k odiBer son ‘Traitd d’Anatomie 
gdudrale,’ aprbs avoir tentc inutile- 
ment, dans sa ‘ Cbimie anatomique,’ 
de penutrer le mdcanisme des 
phenomilines nioldculaires s’accom- 
plisHant dans le.s corps organises. 
La morphologie, pourtant, n'avait 
pas dit son dernier mot, et la 


I bairiere bio-chimique etait moins 
rapprochee que le ne croyaient les 
disciples de Comte et cle l)e 
Blainville ” (Herrmann, article 
“Cellule” in ‘La Grande Ency- 
' clopedie,* vol. ix. p. 1000). 

I Owen, in the very instructive 
i “ General Conclusions” to the third 
volume of the ‘ Anatomy of Verte- 
brates ’ (1868), clearly points out 
how the position of Cuvier has 
been made untenable by these 
! discoveries: “As my observations 
; and comparisons accumulated, with 
' pari ptmu tests of observed phenom- 
1 ena of osteogeny, they enforced a 
I reconsideration of Cuvier’s con- 
j elusions to which I had previously 
' yielded assent ” (p. 188), “ Accord - 
' ingly these results of extensive, 
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forms only accessible to the microscope. The nietaiiior- 
phosis of the different organs in the plant had been sug- 
gested by Wolf, and more fully demonstrated by Goethe. 
Unity of organisation had been proclaimed by Saint- 
Hilaire and I3e Blainville, and the ultimate identity of 
the elementary structure of animals and plants had been 
demonstrated by Sclileiden and Schwann. How was the 
evident relationship of the different types of living beings 
to be explained ? It is interesting to note how the very 
terms which were then used im])lied the explanation, 
though this was only apparent to one or two iiatuial 
philosopliers who were then secretly at work. The 
word 'Grlifinity,” which in chemistry has for ages been 
used to denote, without explaining, tlie mystery of com- 
binations and separations of different substances, liad 
been imported into plulosophical anatomy to denote the 
deeper structural likeness between animals which at the 
first glance appeared to belong to different classes. This 
word ordinarily implies blood-relationship, and might have 


patient, aiul unbiafthcd mduotive 
reHCiu'ch — or, if tln^re wore a bias, 
it was towards <*Juviei —swayed witli 
me in rejecting the prineijde of 
direct or miraculous creation, and 
in recognising a * natural law or 
secondary cause as operative in 
the production of species in orderly 
succession and progression * (1849)'” 
(p, 789). , . . “ Each successive parc<il 
of geological truth haw tended to 
dissipate the belief in the un- 
usually sudden and violent nature 
of the changes recognisable in the 
earth’s surface. In specially direct- 
ing my abtentirm to this moot 
point, whilst engaged in iuvestiga- 
tions of fossil remains, and in the 
reconstruction of the Hpecies to 


which they belonged, I was at 
length led to recognise one cause 
of extinction as being due to de- 
feat ‘in the contest which, as a 
living organised whole, the indi- 
vidual of each species had to 
maintain against the .surrounding 
agencies which might militate 
against its existence’” (p. 797). 
Through this passage, quoted by 
Owen from tlie preface (1866) of 
the same woiit, a controversy aru.-sc, 
it being taken by a reviewer to 
prove the admission of the Dar- 
winian theory. There followed an 
explanation hy Owen, rejecting 
natural selection and the admitted 
contest as explanations of the origin 
of si>eciea. 


4D. 

Afllinly. 
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suggested the theory of descent : it was used by those 
who most strongly repudiated such a doctrine.^ 

In the absence of any satisfactory exi)lanation of the 
continual recurrence of certain definite forms in natuie, 
and the presence of an evident relationship and a clear 
indication of metamorphosis in single instances, it was 
natural that morphologists of the first order, such as 
Owen, and other authorities in science, such as Whewell 
in England and Alexander Braun in Germany, should 
have recourse to older views and vague philosophical 
theories. Owen in 1848 spoke of a specilic organising 
principle which “moulds in subserviency to the exigencies 
of the resulting specific forms,” argues that the know- 
ledge of such a being as man must “ have existed before 
man appeared, for the divine mind which planned the 
archetype also foreknow all its modifications,” and con- 
cludes that we learn from the past history of our globe 
that “ nature has advanced with slow and stately steps, 
guided by the archetypal light, amidst the wreck of 
worlds, from the first embodiment of the vertebrate 
idea under its old ichthyic vestment until it 1)ecame 
arrayed in the glorious garb of the human form.” ^ 


^ Huxley in ‘Life of li, Owen,’ 
vol. ii. p. 302. 

“ See Owen’H treatifie ‘On the 
Nature of Limbs,’ 1849, pp. 85, 
86, In the essay ‘On the Arche- 
type and Homologies of the Verte- 
brate Skeleton/ he concludes with 
the following remarks ; “ Now, be- 
sides the i$ea, organising principle, 
vital property, or force, which pro- 
duces the diversity of form belong- 
ing to living bodies of the same 
materials, which diversity cannot 
be explained by any known pro- 


perties of matter, there appears 
also to be in counter - operation 
during the building up of such 
1 bodies the polarising force jjervad- 
I ing all space, and to the operation 
I of which force, or mode of force, 
the similarity of forms, the rep- 
etition of parts, the signs of the 
unity of organisation may be 
mainly ascribed. The Platonic 
t84a or specific organising principle 
or force would seem to be in an- 
tagonism with the general polar- 
ising force, and to subdue and 
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Whewell, in various passages of his ' History ' and of liis 
‘ Philosophy of the Inductive Sciences/ argues that the 
explanation of organic forms is to l)e found in the study 
of the functions which each organ is destined to perform, 
and brings morphology back under the guidance of physi- 
ology, from which De Candolle and others had only 
recently liberated it.^ Alexander Braun, the great German 
botanist, wrote about the same time : '' Although the 
organisin in its growth is subject to physical conditions, 
the real causes of its morphological and biological speci- 
ality lie, nevertheless, not in these conditions : its laws 
belong to a higher grade of development of reality, to a 
sphere in whicli the capacity for spontaneous self-deter- 
mination becouies evident/’- Even Jolxaunes Muller, 


mould it in Hubsorvicncy if) fche 
exigeuoies of the if'.sultinj:; Hpecillc 
forui”(}) 172). Huxlt*y attributOH 
these theoretical views of Owen to 
the influence uf Lovori/* Oken, the 
principal sciontilic representative 
of the school of the “Natur- 
pliilobO})lne. ” In this respect ( )wen 
left the direction of study initiated 
and m successfully followed by 
Cuvier, In fact, though opposed 
to narwinisrn, Owen did nut, like 
Cuvier, belie vo in special creation, 
ah is clearly shown in a passage 
fre<iuently quotctl, taken from the 
cunclusioH to the third volume of 
Owen’s great work * ( >n the An- 
atomy of Vertebrates’ (ISflH), p, 
807 : ‘‘So, being unable to accept 
the volitional hypothesis, or that 
of imxjulse from within, or the 
selective force exerted by outward 
circumstances, f deem an innate 
tendency to deviate from parental 
type, oxierating through pontjds of 
adei^uate duration, to be the most 
probable nature, or \vay of opera- 
tion, of tlie secondary law, whereby 


species have been derived one from 
another. ” 

^ ])e Candolle is very clear on 
this point; he says (‘Th^orie 
dldraentaire,’ jx 170) : I/usagc des 
organes est une eousd{|uenc*e de lour 
structure, et n’en c«t nullement la 
cause, comme certains i^crivains irrd- 
lldchis semblent rindiquer ; I’usagc, 
<iueh|ue suit son importance dtins 
Tetude physiologicxue rles dtres, n’a 
done en lui-mcme qu’une ni<5diocre 
importance dans I’anatomie, et ne 
peut en avoir aucune dans la tax- 
onoinie ; quelquefois seulement mi 
peut s’en servir coiniuo d’un hidice 
do certaines structures i\ nous en- 
core inconnues ; ainsi l<)rH(|ue je vois 
la surface unie d’un jajtale suinter 
une Ihjueur, j’en conclus ({m cetto 
}>artie est glandukire, et je I’assirnile 
aux neclaires ; niais cetto aHsimila- 
tion, bieu quo reconnue par I’itlen- 
titd d© Vuaage, est reellernent 
(Stablie sur ridentite pr<5suni<5e de 
la structure.” 

^ Quoted by Sachs (‘Gesch. d. 
Botanik/ p. 188). 
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who did more than any other naturalist to base zoology, 
anatomy, and physiology on the foundation of the exact 
sciences, physics and chemistry, '' assumed the existence of 
a vital force which, differing from physical and chemical 
forces, enters into conflict with them, and which in 
organisms acts the part of a supreme regulator of all 
phenomena according to a definite plan.”’^ 

50. The insufficiency of a purely morphological description 
r^oioVieai' living beings, the unsuccessful search for the morpho- 
\new logical elements out of which organisms are built up, as 
crystals are formed out of the moUcalcs integr antes of 
Hauy, led thinkers (up to the middle of the century) to 
have recourse to older and vaguer conceptions, which, 
under the name of archetypes, formative infiuences, vital 
forces, &c., were destined to help where the purely 
mechanical view would not suffice. This dilemma was 
appropriately described somewhat later by one who 
had — earlier, perhaps, than any other thinker — eman- 
cipated himself from tlie infiuence of these fanciful 
conceptions. Herbert Spencer in his ‘ Principles of 
Biology,' published in 1863, expresses it in the fol- 
lowing words : ^ — 

'' If we accept the word ‘ polarity ’ as a name for 
the force by which inorganic units are aggregated into 


^ See Du BoiH-Keytnoud, “ Ge- 
cl.iclitnissrecle auf Johannes Muller’’ 
(‘ Iv,e<len,’ vol, ii, p, 217). 

^ The ‘Principles of Biology,’ 
from which this extract is quoted, 
appeared in successive instalments, 
bogiiining m January 1863. It is 
well to note that this was before the 
appearance of Haeckel’s * Geuerelle 
Morphologie,’ which bears the date 
1866, It does not appear that 


Spencer has had any influence on 
German science, though no doubt 
many of the conceptions put 
forward in the numerous treatises 
of German biologists are anticipated 
in Siicncer’s ‘Biology,’ notably in 
his conception of the physiological 
units as intermediate between com- 
pound chemical molecules and 
crystals on the one side, and cells 
on the other. In the exhaustive 
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a form peculiar to them, we may apply this word to 
the analogous force displayed by organic units. But 
polarity is but a name for something of which we are 
ignorant. Nevertheless, in default of another word wo 
must employ this. ... It will be well to ask what 
these units are which possess the property of arranging 


review of these theories, given Uy 
M. Yves Delage, a very jjromment 
position is acconlinglj^ assigned to 
Her]»ert Spencer’s hiQlf)gieal writ- 
ings. In fact, lie says (' L’ Heredite, ’ 
p. 424 note) ' ‘‘lei’’— m the 
‘ Principles of Ihology ’ — est 
montruCj pour la premiere fois 
et avec uue luciditc* parfaite, 
Tutihie de concevoir des parbicules 
speciales, dleinents priiuitifs de la 
substance vivanto, intermediaries 
aux molecules ct aux cellules. Les 
tr6.s nornbreux auteurs tpii out 
utilise la meme idee n’en out 
Cldc que des variautes. Spencer 
est le VI ai pdre do la f.onception 
initiale, «i fecondc coiume on lo 
verra.’' And again (ibid,, p. 83d) : 
“ Crusquemeut, avec H. Spencer, 
on tombe en plein moderne. lei 
plus do thi'ories vieilluttes, plus 
de proeddds surannds. , . . Les 
phdnombncs sunt <ldcoiiiposdK eu 
lours dlduients avec une puissance 
d’abstraotion qu’aucun iihilosophe 
n’a ddpasfide, des piincipes gdndr- 
aux sout ddduits qui servent a leui 
tour a juger, interpreter Ics 
phenomdnes, a los ramcner si leurs 
causes vraies. Oommo rdsultat de 
ses mdditatioiis, Spencer nous 
olfre los ‘Unitds phyaiologiquos,* 
particulos materielles toutes iden- 
tiques dans une incine eBp^ce 
dutres avec lestjuelleH il emit 
que rorganisme doit pouvoir we 
construirc de lui-uicrne, par lejseui 
jeu de leurs forces moldculairow. 

, . . T1 a . . . (juvert une voio : 
sa thi*orie est un des bras prin- 
cipaux du Delta de ce fieuve 


qm nous servait de ter me cle com- 
parai&oij.” The other great aim 
of the Delta i.^ Daiivin’b theory of 
Pangeiie.sis, on which see mfra^ 
chapter xii. of this vejume. Of 
othel^^, ,su(jh cif. Erh])erg, HaccheJ, 
His, Haack«‘, l\l. JJelaue ^ays : “11s 
out idus.'ii seulciiKMit It inontier 
I lu’en siibstituaii t aux i orces ]» iLiii cs 
de‘5 ‘Unites phy.siologHiucft,’ des 
formes do unmveuicmt ou ties 
propridtd.-> gdoui('trj(iues, on n'an*ive 
pas a un nieilleur resultai ” ih'of. 
Haeckel in his ‘(^eneielle Alor- 
phologif’ (ISdt)) has inteipolated 
a special investigation, us it wore, 
between the morphology of living 
things and the corresponding 
Hcienee of inorganic or purely 
physical (such as erystalliiie and 
chemical) structures and arrange- 
ment under the name **Pr<>“ 
moridiology.” investigating with 
much ingenuity all bnanner of 
symmetrical, axial, radial, &c., 
contigurations. d. Arthur Thoru- 
Hon (‘Science of life,’ p, 34) re- 
marks that little attention has 
been paid to this subject since, 
but, as stated above (p. 223 note), 
the systematic treatment of crys- 
tallography has all through the 
century appealed to biologists as 
an enticing and seductive model, 
and M, Yve.s Deluge’s great work 
gives many oxumples of this tend- 
eucy-~Hoe, his remarks on the 
theories of Haaeke, Cope, Nugeli, 
Erls berg, and many others, pp, 
304, 315, 424, 441, 451, 459, 475, 
495, 502, 593, 743, ka. 
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51 . 

Herbert 

Spencer's 

“physio- 

logical 

units.” 


themselves into the special structures of the organism 
to which they belong. ... On the one hand, it cannot 
be in these proximate chemical compounds composing- 
organic bodies that this specific polarity dwells; , . , 
the occurrence of such endlessly varied forms would be 
inexplicable. On the other hand, this property cannot 
reside in what may be roughly distinguished as the 
morphological units. The germ of every organism is 
a microscopic cell, or a structureless blastema which 
nevertheless exhibits vital activities. ... If, then, this 
organic polarity can be possessed neither by the chemical 
units nor the morphological units, we must conceive it as 
possessed by certain intermediate units which we may 
term physiological. , , . We must conclude that in each 
case some slight difference of composition in these units 
. . . produces a difference in the form which the aggre- 
gate of them assumes.” 

Now, there are only two ways open to the purely 
scientific thinker by which he can reach these inter- 
mediate structures lying between the mathematical forms 
of crystals or the molecular arrangement of atoms, and 
the visible but apparently structureless forms of cells and 
])rotoplasm. One of these is the still more advanced 
analysis of these microscopic structures by still greater 
powers of magnifying instruments: the other is the 
mathematical method of calculating from simple begin- 
nings the complex forms of equilibrium which atoms or 
molecules are eapal)le of assuming under the action of 
known forces. It appears unlikely that the powers of 
the microscope can be much further extended ; and the 
mathematical calculation of even the simplest configur- 
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ations of attracting and repelling centres, or of linked 
vortex rings, is already so formidable that much cannot 
be expected in that direction. These intermediate units, 
vastly more complex than the most complex chemical 
molecules, and vastly more minute than the smallest 
visible grain of protoplasm, must therefore for a long 
time to come lie in the region of hypothesis, unattainable 
for the eye or the calculus ; an indication rather than 
a real guide for our scientific researches. Seeing, then, 
that the study of forms — the morphological view of 
natural objects in the case of organic beings, where to 
the naive contemplation of things these forms seemed full 
of so much significance, indicative of so mucli meaning, 
possessed of so much beauty and striking suggestiveness 
— has led to no comprehension of the essence of vital 
phenomena, and hardly even afforded a safe criterion for 
classification, it is intelligible how the wseientific interest s2* 

of 

has moved away from the consideration of the fixed forms 
and structures to that of the variation and continued 
change of these forms. This alteration in the scientific 
way of looking at the actual forms of nature, goes hand 
in hand witli the tendency we had occasion to notice 
when dealing with the abstract sciences. Many things 
which once seemed at rest, or possessed of very simple 
rectilinear motion, have revealed themselves to the mimra 
eye as complex states of motion. Colours are exceedingly 
minute and rapid but well defined vibrations ; the dead 
pressure of gases is the impact of numberless quickly- 
moving particles; and the wonderful properties of the 
whirling vortex ring have made us familiar with what 
has been termed the dynamical or moving equilibrium, tlxc 

VOL. n. B 



2U 


SCIENTIFIC THOUGHT. 


semblance of apparent rest produced by very rapid rotary 
motion. Best and fixity of form seem only to exist 
apparently or for transient moments in tlie history of 
natural events ; and even the finished and recurring struc- 
tures of living beings, which appear to our eyes to be 
possessed of so much finality and sometimes of so much 
finish, owe these qualities only to the comparatively short 
space of time during which we are permitted to gaze 
at them, and to our ignorance of the slow but endless 
changes to which they are nevertheless subject. 

53. The period from 1800 to 1860 can be termed the 

Tlaemorplio- 

penod morphological period of natural science. It succeeded 
the period of the simpler natural history, which had 
been mainly occupied with classification and description 
of specimens. During the morphological period the 
knowledge of the existing things and forms of nature 
was not only largely extended by excursions into distant 
lands and periods of history, but forms were also studied 
in situ, and the living things visited in their habitats. 
A deeper knowledge of the connection and interdepend- 
ence of natural things and events was thus gained, and 
the relations and resemblances, the analogies and homo- 
logies, of the various forms were impressed on the observer. 
Besides all this, the microscope revealed the innermost 
composition and the ultimate structural sameness of living 
matter, adding moreover the knowledge of an enormous 
creation which remains hidden to the unarmed eye of 
the ordinary observer. The morphological view also took 
note of the relatedness and apparent recurrence of definite 
forms called types, of the so-called fixity of species and 
the succeeding characteristic periods of creation, ami 
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sought to explain these morphologically : it sought 

in the abstract study of forms — sometimes geometrical, 
sometimes artistic — the key to an understanding of the 
recurrence as well as the continued variation of definite 
types. The relationship was mostly looked upon as ideal, 
not real. How a gradual change came over this view 
of nature, how the study of development led on to the 
modern phase of natural science which is governed by the 
genetic view, I shall try to show in the next chapter. 
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CHAPTER IX, 

ON THE GENETIC VIEW OF NATURE. 


Whilst the great influence of such leaders in scientific 
thought as Cuvier, De Candolle, and Humboldt on the 
Continent, and of Eichard Owen in this country, was 
mainly exerted in spreading the morphological view of 
nature, describing on a large scale or in minuter detail 
the typical recurring forms which natural objects or 
natural scenery present to the eye of the unbiassed 
observer, another school of naturalists was secretly busy 
in following up the changes to which all the things of 
nature seem continually subjected They were as much 
impressed with this restless movement of everything as 
tile others were with the continual recurrence of certain 
definite forms — be they geometrical or artistic. The 
general ideas which underlay their researches were not 
new, — they were probably older and more familiar ^ than 


^ Cosmogoinea of all sorts abound 
in almost every literature, ancient or 
modern, whereas Cosmogi'aphy, ac- 
curate, painstaking, and reliable, is 
of comparatively recent dale. The 
first attempt to give a purely ! 
descriptive picture of nature as a ' 
whole, beginning with the larger 
features of the universe and ascend* 


ing through terrestrial, inanimate 
and animate, phenomena to I lie 
central and crowning phenomenon 
of human life, was A. von Hum- 
boldt’s ‘ Kosmos ’ ; and it is interest- 
ing to note how averso the author 
was to introduce genetic expositions. 
In fact, it has )>een truly remarked 
that Humboldt’s mfluence went to 
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the types and epochs of the other and dominant school ; 
but they were difficult to grasp, being not unfrequently 
fantastic compromises between the legends of religious 
tradition and the beginnings of scientific thought. Jfor 
a long time they evaded the endeavour to put them into 


encourage purely morphological 
and to discouiage genetic con- 
aiderations. Accoi dingly the many 
begiiming.s of a scientitic account 
uf the origin and historical develop- 
ment of tlie things around us, of 
which Lyel] gave the tirst laiily 
accuiate siuninaiy in the first 
volume of his ‘ Principles of Geol- 
ogy’ (Ut ed , 1830), were hardly 
noticed in the ‘Kosnios’ (vol. i., 
18ir», vol. ii, 1847). None of the 
celebrated co&mogouical liyputhcses, 
which we sliall deal with m this 
chapter, — neither the, ‘Proiogiua’ 
of Leibnif? nor the ‘ Kpoque-s de la 
Nature’ of Buifon, neither Kant’s 
nor Laplace’s nebular theory, nor 
even the biilliant introduction to 
the ‘ Osscnions fosssiles ’ of Cuviei’, 
though the latter, and still more 
LajiUco, must have had a great 
personal inlluence on him, — re- 
ceive any adequate attention in 
the pages of ‘ Kosmos.’ They are 
rarely referred to, and then only as 
woiks of iinagin.itive value, for 
which the true scientific ground- 
work, extensive observation, and 
especially th(3 experiences and 
rcfsults of travel, are wauting. 
Humboldt, wlioso mind was .stored 
with those riches in an abundance 
and variety unequalletl before or 
since, limited himself to a por- 
traiture, to a panoramic and mor- 
phological, to a structural and 
architectonic view of things, with 
which he combined a deep sense of 
the reaction which the contempla- 
tion of nature must have on the 
artistic faculty. (See the Intro- 
duction to the second, the most 
brilliant, volume of * KosmosP) 


Genetic theories were to his mind 
})remature and foreign to his pur- 
pose. “ The mysterious and un- 
solved problem.^ of dovelopment do 
I not belong lo the empirical region 
<»f objective observation^ to tbe 
description of the developed, the 
* actual state (tf nuv jdanet. The 
j description of the universe, soberly 
' confined to reality, leimuns aYt‘r.se 
j to the obbcuie Ijeginnings of a 
history of organic hie, not from 
modesty, but from the nature of 
its objects and its limits’' C' Kof- 
mo.s,’ vol. i. p. 367). “Tlie \voi]«] 
of fornns, 1 lepeat, can in the enuin- 
eraiion of space relations only he 
jiietuied as something actual, as 
something existing in nature ; not 
as a subject of au intellectual process 
of reasoning on already known causal 
connections, . . . d’hoy are facts of 
nature, resulting from the conflict 
of many, to us, nnkmavn conditions 
of active pub'll - and * [mil forcc.s. 
With unsatisfied curiosity we aji- 
proueh here the dark region uf 
(k'Velopmont. We have here to do, 
in the prujier sense of the freiiuently 
uiisu-icd word, with ivorld-e vents, 
with Gosruical jiroocsses of un- 
measurable [leriodK. . . , The 
present form of things and tlie 
[ireciflc numerical determination of 
relations has not hitherto succeeded 
in leading us tfi a knowledge of 
states traversed, to a clear insight 
into the conditions under which 
they originated. These conditions 
are not therefore to be termed 
accidental, as man calls everything 
that he cannot explain genetically ” 
(vol. iii. p. 431). 



278 


SCIENTIFIC THOUGHT. 


exact language. It is only in the second half of the 
nineteenth century that the many independent lines of 
reasoning, the fragments of the great doctrine of develop- 
ment, have been united together, that the search after the 
principles or laws which govern the restless change has 
been rewarded by a certain number of definite results, 
and that what was once vague, fanciful, and legendary 
has become a leading idea in all the natural sciences. 
As in other instances which we have had occasion to 
notice, so also in this case, the appearance of clearer and 
more definite ideas has been heralded and helped l)y a 
novel mode of expression, by a new vocabulary. The 
2. word '‘evolution” has in this country done much to 
tioTu”^ popularise this way of regarding natural objects and 
events : abroad, the word has not met with the same 
popular acceptance. It was known there and used in 
science and literature when it was yet unknown in this 
country, and has in consequence not been monopolised in 
the same way as in the English language, to denote the 
continuous and orderly development of states and forms 
of existence.^ Moreover, it has been identified in this 


1 On the older and modern use 
of the word evolution” in the 
English language see Huxley's 
article in the 9th ed. of the 
*3i!ncy. Brit,’ It is reprinted in 
his collected essays with the title 
“Evolution in Biology.” Accord- 
ing to Huxley, the term “evolu- 
tion” was introduced in the former 
half of the eighteenth century m 
opposition to “epigenesis.” The two 
terms denoted the two theories of 
the generation of living things, by 
development of x>re-formed germs 
(pre-formation) or by successive 
differentiation of a relatively homo- 


geneous rudiment (after-f on nation). 
Harvey, the expounder of the latter 
theory against Malpighi, who em- 
braced the former, calls the first- 
“ metamorphoHis.” Leibniss, Bon- 
net, and latterly Haller, were “evolu- 
tionists” in the older sense of the 
word ; Harvey, C. F. Wolf, ami 
the modern school of embryologists, 
with von Baer as its most eminent 
representative, were adherents of 
the originally Aristotelian theory 
of “ epigenesis,” “ Nevertheless,” as 
Huxley says, “ though the conco}j- 
tions originally denoted by ‘ evolu- 
tion ’ and * development ’ were 
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country with a special philosophical teaching, that of 
Mr Herbert Spencer, which, whilst in many points 
coinciding with scientific views of development, has 
some special and peculiar features which will occupy 
us further on in our survey of thought. Having sought 
therefore for a term which is to comprise all the con- 
tributions to scientific thought which deal with the 
change and development of natural objects and events, 
I propose to use the older word '' genesis,” and to call 
this view the genetic view of nature ” : it is, in general, 
the view which seeks to give answer to the question, 


shown to be untenable, tho words 
retained tlieir aj)plication to the 
pioeehs by which the embryos of 
living heiiigs gniclually make their 
appearance ; and the terms ‘ de- 
velopment,’ ‘ Eutwickelung,’ and 
‘ evolutio ’ are now indiscriminately 
used f 01 the series of genetic changes 
exhibited by living beings, by 
writers who would emphatically 
Vleiiy that ‘ development ’ or ‘ Ent- 
wickelung’ or ‘evolutio,’ in the 
sense in which these words were 
usually employed by Bonnet or by 
Haller, ever occurs.” The word 
evolution has, however, acquhed 
in the English language, mainly 
through the influence of Mr 
Spencer’s writings, a much wider 
sense than evolution in biology 
iiujdies : in fact, it takes the place 
of the Gorman “ Werden,” a word 
much used in the philosophical 
writings influenced by tho Hegelian 
doctrine, which indeed taught a 
logical or dialectic development of 
things, as Herbert Spencer and his 
school teach a mechanical develop- 
ment. There seem to be given to 
us by observation only two elemen- 
tary processes of change, or of 
“ Werden” (in Greek yiyv€<r$ctt^ in 
French “ devenir,” in English be** 


coming,” m Latin “lieii/’in Gorman 
alho the synonym geschehen ”). 
These are, on tho on one hand, tlio 
process of uiechanieal motion, and 
on the other hand the process 
of logical thought ; the one being 
the movement of external things, 
ultimately of atoms, the other the 
spoil tauoouH movement of what 
Hume called ideas. When the 
thinking mind fixes its attention on 
the “ fieri ” rather than the “ esse ” 
of things there are accordingly two 
clues available, the mental or the 
physical, the logical or the mechan- 
icak Many times taken up in 
earlier ages, both have been con- 
sistently apxdied only in the nine- 
teenth century, l,he latter by Her- 
bert Spencer, the former fifty 
years earlier by Hegel, whose 
jdiilosophy is fundamentally as 
much a logical as tlie former is a 
mechanical system of evolution. 
The narrower meaning of evolution 
in biology is usually given in 
French by the W'ord “transform- 
isme,” in German by “Entwick- 
elungslehre” or “ Harwinismus.” 
See on the general subject Prof, 
James Bully’s able article on 
“Evolution” in the 9th ed, of 
the *Enoy. Brit.* 


3 , 

“Genobis," 
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How have things come to be what they are ? What 
is their history ^ iii time ? 

The first great philosopher of modern times who seems 
to have approached the question of the genesis of the 
objects of nature in the modern scientific spirit was 
4. Leibniz, who, in composing his local history of the 

Leibniz’s 

‘Protogjea.* origin of the Guelphs and the antiquities of Brunswick, 
pushed his researches into prehistoric times and made 
use of the geological and mineralogical data supplied in 
the Harz forest and mountains to arrive at conjectures 
as to the past history of the earth. His ideas, based 
upon local facts and observations on stratification 
and fossil remains, were collected in a famous tract 
entitled ' Protoga?a,' which durnig his lifetime was only 
known in abstract/ and was published in 1749, many 


^ Although the word “genesis,’^ 
through its use iii the Scriptures, 
has acquired the meaning ot a nar- 
rative of the origin or beginning of 
things, this meaning is not neces- 
sarily implied in the word ylypecr- 
and tlie genetic view of nature, 
or thingH in general, may limit it- 
self to the study of observable, 
actual change, renouncing alto- 
gether the question of origins. 
The German words, werden ” and 
** geschclien,” are in thin respect less 
ambiguous and less ambitious, and 
many philosophers may accordingly 
prefer “ evolution*' to ‘‘genesis.” 

2 On the connection of Loilmiz’s 
genetic studies with lus History of 
Brunswick, which expanded under 
his hands into the ‘Annales im- 
perii occidentis Brunsviceiises ’ 
(edited by Pei'tz in the first three 
volumes of * Lcibnizens Gesam- 
melte Werke,* Hannover, 1843-47, 
4 vols,), see the introduction by 
Scheidt to his complete edition of 
the ‘Protogaja,’ Gottingen, 1749 


(reprinted in the second volume of 
Dutens' ‘ Leibnitii Opera Omnia,’ 
1768) ; the wonls of Leibniz him- 
self in the ‘ Plan’ of his History 
(quoted by Pertz, vol, i. p. xxiii) : 
“ Pnnmittetui’ his annalibus quic- 
dam dissertatio de antiquissimo 
harum regioimm statu qui ante 
historieos ox natune vestigiis Uaheri 
potest ” ; the address of Ehrenberg, 
" Ueber Leibnitzeiis Methodo ' (Ber- 
lin, 1845) ; the account in Guhr- 
aueiss ‘ Life of Jjcibniz ’ (1 846, vol. i. 
p. 205, and an interestingnute in the 
ai)pend ix ). Fontenelle, who knew of 
the ‘ Protogeca ' only by the abstract 
(ed. 1603) in the Leipsie ‘Acta,’ 
and from corrospon deuce with Eck- 
hardt, Leilmiz’s executor, says in 
his ‘Eloge de Leibniz’: “11 k 
{viz,, the History] faisait pr6ccder 
par une dissertation sur I’dtat de 
I’AHemagne, tel qu’il dtait avant 
toutes les histoirea et qu’on pouvait 
le conjeoturer par les monuments 
naturels qui en dtaient restds ; dea 
coquillages pdtrifies dans les terres, 
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years after his death. He conceived that both fire and 
water ^ had been at work in forming the surface of the 
earth, and suggested that similar examinations of other 
localities would be required in order to arrive at general 
conclusions, Sueli were subsequently supplied by Werner, 
de Saussure, Pallas, Hutton, Cuvier, and William Smith, 
before the systematic exploration of the whole glolje 
became in the nineteenth century one of the tasks of 
geological science. A few years after the publication of 
Leibniz’s speculations, which pointed to an accumulation 
of local observations as the means of arriving at a history 


des pierrea ou se trotiveni rlea euj- 
pj’oiiiteH dp ])ols8onfc. ou do plautew 
tjuinesoiii point du piiyH. laudaillcs 
inconteatableH du dclugo,’’ &c., &c. 
How very much Leihuv/, wan — in 
thin .IK in many other idoas —in 
advance of hiw age can bo been 
from liiss correspondence with the 
SwisB naturalist Scheuchzer of 
Zmich : “ Merentur Alpefi vestue, 
si cpiih alius liuropic locu«, huue 
cruditi in([uilini curam et cmtoros 
montes utili exeinplo pneibunt, 
([ueni admoduni magnit.udine viuc- 
unt. . . . (JenriaiKjrum nos- 

troruni non oa est diligcntia <juam 
vcllem ; ita«{ue Uistorias rcgioimm 
uaturaleH habemus nullHs, cum 
Augli Scotique uobiH ogregiia ex- 
emplis praiivcnut’' ((juoted by 
Ouhvaiier in the note referred to). 
An intej-ertting reference h made in 
§ xvii. of the ‘JVotogjoa* to the 
use of the microscope, then only 
recently invented, and hirgely use<l 
by Ijeuwenhoek in connection with 
the examination of the formation 
and crystals of tlie celebrated 
“ Baumann cave " : Et velim 

microRcopia ad inquisitionem ad- 
hiberi, (juibuR tantum priestitit 
sagax Leuwenhoekii diligentia, ut 
scope indigner humauco ignavim, 


(juie apeni'e oculos, et iu paratam 
^cientia pOBKcsnionem ingre<li non 
dignatur.*’ A very fair acct»uiit of 
the contents ol the ‘ Brutog.oa ’ is 
given in W i). Ooiiyboai'e’.s ‘Re* 
port on the Progresb ... of 
Geological Science ' in the lirat 
volunio, of Brit. Absoc, iiepoits, 
p. 3«0, kc. 

‘ ‘Frotogim/ § iv. ; “Donee 
quiescGntibus cauBi.s ati^ue luquiJib- 
latib consititeutior emergeret sta- 
tuH rerum. ITiide jam duplex ongo 
intelligitur iinn<»rum cm'porum j 
una, cum ab ignis fuwione refrigea* 
cerent., altera cum reconerescerent 
e.x soln t-ioue atiuarum, N eque igitur 
]mtjiuduui eat lapides ex ttola 
fasioue. Id enim potibbimum de 
prima t«intuDi masba fic ierrre basi 
aocipio.’’ 

“ Ibid, g V. : “ Hi(‘c vero utcum- 
que cum plausn forte dicipoasint de 
incunabiUs noRtri orl^iw, seminacjiue 
coutineant scientiiii novte, quam 
Geographiam natural em appelles, 

. . . Et licet conspirent vestigia 
veteris mundi in pnesenti facie 
rerum, tamen rectius omnia de- 
buiont pobteri, ubi ouriositas mor- 
talium eo procesRent,ut per regiones 
proeurrentia soli genera et strata 
desenbunt/* 
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Kant’s 
nebular 
theory . 


^ The work of AVright is not so (‘Sur TOrigine du Monde,’ Paris, 

rare as it is I’epicsented to be by 1885, 2nd ed.), by C. Wolf (‘Les 

foreign writers, as I picked up two Hypotheses Cosinogorii({ucw,’ Paris, 
copies from a second-hand catalogue 1886, which contains a translation 
several years ago. It is chiefly of Kant’s work), and by O. P. 

interesting as having induced Kant Becker (Amor. Journal of Science, 

to venture on his genetic specula- 1898). It is, however, to be noted 

tions, which appeared anonymously that recent writers Astronomy 

at Konigsberg in 1855, and for are inclined to speak of the genetic 

a long time remained unknown. theories of the umvei'sc very much 

About the same time as Ivan t, the in the same way as FIum])oklt 

celebrated mathematician J. H. treated them in his ‘Kosmus,’ 

Lambeit published his ‘ Cosmulogi- which professedly excluded the 

cal Letters on the Structure of the hi&torical aspect in favour of a 

Universe’ (Augsbuig, 1761), many purely descriptive treatment, recog- 

ideas in which coincide with the nising the many difficulties which 

later expositions of Hersehel and stand in the way of a consistent 

Laplace, which were based on quite elaboration of the “ nebular bypo- 

different considerations. Thespecu- thesis” Sec A. Berry’s ‘History 

lations of Wright, Lambert, and of Astronomy’ (1898), p. 409; ‘It. 

Hersehel were what we may call Wolf, ‘ Handbuch der Aslrouonue ’ 

morphological, whereas it is the (vol. i., 1890), p. 594 ; G. H. 

merit of Kant and Laplace to have Darwin, ‘ The Tides ’ (1898), p, 

built upon the ideas as to the 302 ; also J, Schemer, ‘ Der Bau dea 

architecture of the universe a Wei tails ’ (Leipzig, 1901). On the 

plausible theory of its genesis. A additional great support which has 

full account of Wright s suggestions, lieen given to a genetic concep- 

which were accompanied by very tiou in general in the second half 

beautiful mezzotint engravings exe- of the nineteenth century by 

cut cd l»y himself, is given by Prof. Thermodynamics and Spectrum 

R A. Sampson of Durham in the Analysis I shall speak later on. 

‘ Proceedings of the Society of The writings of M. Faye in France, 

Antiquaries’ of Newcastle- upon - and of Sir Norman Lockyer in this 

Tyne, vol. vii. p, 99. ^ country, utilise to the fullest extent 

Kant’s theory has been dealt with the arguments derivable from these 

by Helmholtz in bis Konigsberg sources, and mark a great con- 

address (1854), “Ueber die Weclisel- trast to the manner in which cos- 

wirkung der Naturkrafte ’” (‘ Vor- mological questions were treated 

triige und X^,eden,’ voL i.), by Faye by A. von Humboldt, 


of the earth, another philosopher of the highest rank 
took an important step in the direction of the study 
of the genesis of things natural, on the largest scale. It 
was Immanuel Kant, the philosopher of Konigsberg, 
who, stimulated by the perusal of the cosmical theories 
of Thomas Wright of Durham,^ applied the principles of 
the Kewtonian philosophy in a first attempt to trace out 
the great stages in the formation of a planetary system. 
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The speculations of Wright had been ijurelj- geometrical. 
He had drawn attention to the apparent unity of urban- 
isation in tlie stellar system, as established by tlie 
accumulation of stars in a certain belt, popularly called 
“the milky way.” He also suggested that the whole 
system was moving in a certain direction. Kant pointed 
out the analogy with the solar system, in which, viewed 
from the centre, the ])lanotary masses would likewise 
appear situated in a narrow belt, moving all in the same 
direction. Troni these data he in-oceeds to show how, 
taking fur granted an initial movement and the action of 
gravitation, tiio formation of rings, like those of Saturn, 
can be explained ; further, how these might be broken 
up and concentrated in satellites. In fact, he recognised 
how, under the iufluene(i of gravitation, the solar .system 
might have been gradually formeil out of matter which 
was previously scattered through the whole of that space 
which the system still occupies. Kant also descended 
somewhat further into detail, and proceeded to discuss 
the possible retardation of the earth’s rotation through 
tidal friction.^ 


^ The tract in which Kant de- 
velops his views on this subject waa 
occasioned by a pvi/e oli'ered by 
the Berlin Acaflcuiy in 17o4 jVkrau 
answer to the (juestion whctiier the 
time of 7-evululioti oi the earth had 
Ruitered any retanlathni, and it* so, 
through what causes Kant did not 
compete for the prize, deeming his 
redecthmH not catiahle of heiug 
sufBeiently perfected h) <leHerve to 
be submitted. So he simpljy pub- 
lished them in a local IConigsberg 
paper, from which they were later 
repriuted in the collected workR, 
forming one of the first of Kant’s 


publications. At the end of this 
tract he announces his ‘ C<bsmo- 
gonie’ wliich appeared the follow- 
ing year with the title ‘Natural 
History of the Heavens,’ Kant 
had the satisfaction of seeing many 
of his speculations verxhed by the 
wubaoqucnt discoveries of induc- 
tive research, notably through Sir 
William Henschel’s observations of 
nebuho ; and the (ierman edition of 
Herechels great memoir ‘On the 
Construction of the Heavens’ (‘Phil. 
Tmna.,’ 1784), which aj^peai-ed in 
Kbnigsberg in 1791, by Sommer, 
contains an exti*act from Kant’s 
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Ijaplace. 


The two lines of speculation, originated by Leibniz 
and Kant as to the genesis of things on this earth and 
in the universe, mark two distinct ways of approaching 
the genetic problem. They were botli isolated, and it 
was not till well on in the course of our century that 
they were again taken up and independently developed — 
the one by geologists, the other by physical astronomers. 
They remained for a long time without mutual influence ; 
till, witliin the last generation, they were brought 
together, their different results deduced, and a recon- 
ciliation attempted. To this [ shall revert later on. 
Forty years after Kant, Laplace put forward his so-called 
nebular hypothesis at the end of the ])upular exposition 
wliich he gave of his mechanical tlieory of the heavens. 
Pie apparently knew nothing of Kant's attempt, and Ins 
views diller materially from tliose of Kant, in so mucli 
as he assumes in tiie rotating nebular mass an attracting 
nucleus from which, in the course of condensation through 
attraction, tlio planetary rings and liodies were thrown 
off as the centrifugal velocity balanced the attracting 
forces. For a long time this sketch of a possible 
genesis of the planetary system was jiaraded in popular 


work, The merits < d Kaufc have only 
been tardily recoijjiiised ; they were 
unknown to Lapiace, aucl only im- 
perfectly known to more recent 
authorities, such as Holiuholtsj and 
Lord Kelvin, who were fully pre- 
pared to do him justice. Lord 
Kelvin, in his Kede Lecture of 
refers to Kant the first 
to ]jublish any <lcfinite estimate 
of the possible amount of the 
diminution of rotatory velocity 
experienced by the earth through 
ticlal friction” (‘Pop. Lects. and 
Addr.,’ voL ii. p. fifi), and in the 


coutroverpy whicli took place be- 
tween him and Huxley on “Geo- 
logical time’" Tlie theories of Kant 
were fre( lucntly referred to. 8eo 
his lecture on “Ge<dogical Time,” 
I 18(58 (/ofi. olLi p. 30, kc .) ; Huxley 
on “ Geological Refojmi,” 1869 (re- 
printed ill ‘ Lay Sermons/ No. XI.) 
The best account in the English 
language of Kant’s contiibutioiiH 
to ooHniogony will bo found in an 
article by G. Becker in the 6th 
vol, 4fch series, of the ‘American 
Journal of Science/ 1898. 
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works on astronomy as an established theory, wtiereas 
Laplace himself had put it forward with great reserve, 
and only as a likely suggestion.^ There is, however, no 
doubt that it powerful!}^ inlliienced the minds of many 
students of nature in tlie direction of a genetic view of 


phenomena. 

The attempts referred to so far can be described as 
belonging to the Itomance of Science. I now come to 
the more solid contiibntions — to a real genetic theory of 
the things of nature. These are not much older than 
our century. Tliey belong to two entirely independent 
lines of research which were followed up in England and 
on the Continent resi)ectively — tlie former in palaion- 
tology, the latter in end cryology. Although they were 
carried on cpiite independently of each other, they had 
this in common, that they both resorted to a study of 
life — as preserved in geological strata or as now existing 
around us — for a guide in comprehending the genesis of 
Things on a lai'ger scale. 

It may be well to remark here that the contemplation 
of the phenomena, the forims and the processes exhibited 
in the living portion of creation, has not always, and 
even not generally, in the course of history led to those 
theories which our ago is elahorating, and which will in 
future times possibly be looked upon as one of its char- 


1 Laplace liimseU’ sayH: “Je 
prc‘Hente eetto orif^iue <lu 
plaiidtaire avec la cldfiaucc <]uc doit 
inspirer tout ce qui iiVt p<»int 
un rdsuHat de rol»Hervatiou et du 
calcul.” elaborate exposition 

of the arcbitecture and system of 
the univevHe contained in A. von 
Humboldt’s ‘KonmoH,’ whicb was 
prolofesediy inspired by Laplace (see 


‘Kosmos,’ vol. vi. p. 8), gives us 
little, if anything, about the history 
of the universe, professing to be 
only a “ Weltgemalde ” ami not a 
“ WelterkUirung.” The time for 
genetic theories had not yet come, 
and both Kant's and Laplace’s cos- 
tnogoniea are only casually referred 
to. 
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“Cyclical ’ 
Vle^^ . 


acteristic achievements — the genetic view. There is 
another view which a superficial glance at organic life, 
with its well known phases of birth, culmination, and 
decay, has frequently impressed upon the observer ; there 
seemed another lesson to learn than that which our age 
is trying to master. 

That other view can best be termed the “ cyclical 
view of things, the doctrine that every thing runs in a 
cycle ^ and repeats itself, that all change is periodic and 
recurrent, that there is nothing new under the sun.‘'^ 


^ Mr Thomas Whittaker ha-s given 
me various references to the wiit- 
ings ot ancient philosophers which 
bcai on this subject He finds tlie 
cycliciil or recurrent aspect of the 
world -pi ocess prominently pub for- 
ward by the Stoics. Zeller (‘Philo- 
sophie der Grieclien,' voh in. I. p. 
136, ko., 2nd od.) says m his 
account of the stoical philosophy ; 
“ Out of the original substance the 
separate things arc developed ac- 
cording to an inner law. For in- 
astuuch as the first principle, accord- 
ing to its definition, is the creative 
and torniative power, the whole uiii- 
verise must grow out of it with the 
same necessity as the animal or the 
plant from the seed. The original 
tiro — according to the Stoics and 
Heraclitus— first changes to * air ’ or 
vapour, then to water ; out of this 
a portion is precipitated as earth, 
another remains water, a third 
evaporates as atmospheric air, 
which again kindles the fu-e, and 
out of the changing mixture of 
these four elements there is formed 
—from the earth as centre — tlie 
world. . . . Through this eeparar- 
tiou of the elements there arises 
the contrast of the active and the 
passive principle: the soul of the 
world and its body. . . . But as 
this contrast came in time, so it is 
also destined to cease ; the original 
substance gradually consumes the 


matter, which it segregated <jui of 
itself as its body, till at the end of 
this world-perK)d a universal world- 
cf)nflHgration brings every thing back 
again to the pnimcval condition. 

. . . But when cveiy thing has thus 
returned to the original unity, and 
tlie great world-year has run out, 
the formation of a new world begins 
again, which is so exactly like the 
former one that in it all single 
things, persons, and phenomena 
return exactly as before ; and in 
this wise the history of the world 
and the deity . . . moves in an 
endless cycle tlirough the same 
stages.” Zeller, in a note to this 
passage, remarks that “the con- 
ception of changing world-periods 
is frequent in the oldest Greek 
philosophy ; the »Stoics found it 
first in Heraclitus, The further 
statement, however, that the suc- 
ceeding worlds resemble one an- 
other down to the minutest detail, 
is to be found, to my knowledge, 
before Zeno only in the Pythagorean 
school , . , and is connected with 
the doctrine of metempsychosis 
and the world-year.” 

Mr Whittaker quotes a pass- 
age from Aristotle’s ‘ Metaphysics/ 
towards the end of the 12 th book 
(Berlin ed., p, 1074, b, 10-12): 
“ Kar^ij rh ^ikIs iroKkdms €i}p7}iJ.4v7}s 
d rd dvmrbp eKcLams koX rexvfis 
uaX ftkocrotpias ml rrdktv 
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Poets and philosophers have repeated this theme in end- 
less variations, probably without improving upon the 
classical and perfect expression which it has found in 
ancient ^ poetry and in the sacred writings* History has 
been written with the professed object of gaining, by 
analogy, an insight into the drift of modern or future 
events, and economic and political theories have been 
based upon the likelihood of a recurrence of what has 
happened before. Especially has the teaching been 
impressed upon us that the universal fate of all develoj)- 
meut is to lead to deatli and decay, and to make room 
for the endless repetition of the same recurring phases 


Every art and every kind of philo- 
sophy having probably been found 
out many timos up to the limits 
of what is possible and again de- 
stroyed ; ” and remarks, “ This 
notion of cycles refers to iiumau 
civilisation, not to the universe, 
which is one eternal system with 
a hxed central mass, and with its 
outer part in a moving eciuili- 
brium, Empedocles undoubtedly 
had a theory of recurrent cycles 
in the universe. The four ele- 
ments, — which he first brought to- 
gether as elements of the whole, 
early thinkers having taken one or 
other of them as a fix'st principle 
from which the rest are evolved, 
— accoi’ding to Empedocles, are 
necessarily aggi-egated and segre- 
gated by the predominance of prin- 
ciples which he calls love (t^tXla) 
and hate (f'aKos). The four periods 
are ; 1. Predominant love (the 
<7t^atpos), a state of complete aggre- 
gation; 2. decreasing love and in- 
creasing hate or strife ; 3. pre- 
dominant strife (dfcoir/uia^ complete 
separation of the elements) ; 4. de- 
creasing strife and increasing love* 
These are cosmic periods. It has 
been supposed— Zeller takes this 
view — that we are living in the 


fourth cosmic period, the period of 
increasing love.” 

^ The best known pashiige is that 
from the celebrated fourth eclogue 
of Virgil, where, after describing the 
return of the golden Satuniiau age, 
the poet continues (vv. J31-36) ; — 

“Panea taiuen suberunt pnsciu vestigia 
frauebs, 

Qua' bnitaru Thetim rutihus, qua' ciugerc 
niuriH 

Oppiiia, quai .lubcant tellun infintleie 

SUlCOH. 

Alter crit tmu Tiphys, et altera time 
\'ehat Ai'go 

Delect lierna'^ ' eruut etiaiu altera bella, 
Atqtic iterinn ad Trojatu niagnus niittetur 
Achilles/* 

Dugald Stewart (‘ Philos. Works,’ 
vol. hi. p. 107} refers to this 
with the following <iuotation from 
Clavius’s ‘ Commentary on the 
Treatise on the Sphere,’ by Joannes 
Saoro Bohco ; “'Hoc intervallo, qui- 
dam volunt, omnia quaieumque in 
inundo sunt, eodem ordiue esse 
reditura, tj[Uo nunc cernuntur,” and 
he also attributes this theory of re- 
currence to an extreme application 
of the mathematical spirit (vol. iv. 
p. 207). How this idea of recur- 
rent cycles fascinated and haunted 
IV: Nictjische see Seth’s article, 
*Contem. Rev.,’ vol. 73, p. 734, 
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of existence.^ This view was considerably strengthened 
by the popular inteipretation of the teaching of modern 
astronomy, which laid great stress on the periodicity of 
the planetary movements, and the stability and inherent 
readjustment of the solar system. Also the insight 
gained by the first application of chemical knowledge to 


^ The idea of recurrent, periodic 
repetition seems opposed to the 
modern idea of progress and de- 
velopment as taught by Leibniz 
and Herder abroad, by Spencer 
in this country ; still it seems 
almost impusbible in a purely 
mechanical system to avoid intro- 
ducing the conception of an ulti- 
male lecurreuce, so long as one 
deals with finite space, time, or 
number, however great they may 
be only escape seeing to ho in 

asteuming an inlinite ])rocess or an 
immaterial principle which is not 
subject io mathematical treatment, 
the latter being iulierently one of 
repetition. It is interesting to note 
how Herbert Spencer at the end of 
‘First Ihinciple«' rolajises into tjie 
cyclical conception : “Thus we are 
led to the conclu'jion that the 
entire process of thingR, as dis- 
played in the aggregate of the 
visible universe, is analogous to the 
entire process of things as displayed 
in the smallest aggregates. Motion 
as well as matter being fixed in 
quantity, it would .seem that the 
ciiange in the distribution of 
matter which motion effects, com- 
ing to a limit in whichever direc- 
ts m it is carried, the indestructible 
motion thereupon necessitates a 
reverse distribution. Apparently, 
the universally coexistent forces of 
attraction and repulsion, >vhich 
nece.ssitatc rhythm in all minor 
changes throughout the univer.se, 
also necessitate rhythm in the 
totality of chariges—alternate eras 
of evolution and dissolution. And 


thus thei e i.s sugge.sted the concep- 
tion of a past during which there 
have been successive evolutions 
analogous to that which is now 
going on ; and a future during 
which !3ucce.s.sive other such evolu- 
tions may go on — ever the same in 
piiuciple but never the same in 
concrete result” (‘First Prin- 
ciples,’ 1st ed., p. 536). The otlier 
great .system of modern philosophy 
which aims at a reconciliation of 
the inecliAiiical and Kpirituai aspects 
— the philosophy of Lotze — though 
it dwells less than Spencer’s sysi oin 
on the genetic problem, gives a 
diffferent view of cosmic develop- 
ment. “ The series of cosmic 
periods cannot be a number of 
phase, s, in each of which the one 
purpose of the univer.se does in f.ict 
maintain itself : it must rather be 
a chain, each link of which is bound 
together with every other in the 
unity of one plan. The One can 
manifest itself in various forms 
only when such variety of forms 
is necessary for the expression of 
its meaning — in a definite order of 
succesbion only when this order 
corresponds to a craving for de- 
velopment in it,s nature. As we 
required that each section of the 
world’s history should pre,sent a 
harmony of the elements firmly 
knit throughout, so we must now 
require that the successive order of 
these sections shall compose the 
unity of an onward advancing 
melody” (< Microcosrnus,’ Eng, 
fcransl by Hamilton and Jones, 
Book IV. chap. 3). 
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physiology and agriculture in the school of Liebig, and 
the first chapters of meteorology, seemed to favour the 
idea that the elements and forces of nature were engaged 
in cyclic movements which return again and again in the 
same fashion. To the same cyclical view the doctrine of 
the fixity of species, as well as that of the repetition 
of various creations, lent further support ; hence it con- 
tinued up to the middle of our century ^ to be fre- 


^ In Germany Moleschott’s ‘ Kreis- 
lauf des Lebens/ a popular ex]joHi- 
tion of the conceptions developed 
in the second quarter of the century 
through chemistry and embryology, 
represented ade(j[uately the cj'^olic 
conception of life and development 
in a catching phrase. Much later 
we find — inter multa alia — in 
Michael Foster’s ‘ Text book of 
Physiology ’ a concise deHoriptiun 
of the process in nature which h«is 
always served as a type for the 
cyclic conception ; “ When the 

animal kingdom is surveyed from a 
broad standpoint it becomes obvious 
that the ovum, or its correlative 
the spermatoijoon, is the goal of an 
individual existence; that life is a 
cycle beginning in an ovum and 
coming round to an ovum again. 
. . . The animal body is in reality a 
vehicle for ova; and after the life 
of the parent has become potentially 
renewed in the offspring, the body 
remains as a cast-oif envelope whose 
future is but to die.” Another 
example may be found in Mohr’s 
‘Geschichte der Erde,* where the 
circulation of difierent elements in 
nature is considered. The concep- 
tion of periodic cycles has found 
poetical expression in Ruckert’s 
beautiful poem, ”Chidher,” which 
is evidently the poetical render- 
ing of an Arabian legend quoted 
by Lyell ((‘Principles,’ vob i. p. 
31 ):- 

VOL. IL 


“Chidher, the ever youthful, spake • 

I passed a citj ou my way, 

A man m a gaidcu Iruit did hrtuk, 

J asked liow long the town htjie lay"'' 

He spoke, and hi’oke on as heloie, 

‘The town stands evei on this slioie, 
And will thus stand for everinoie.’ 

And when live lumdreci years woie gone 
I caino the same road as anon, 

Then not a mark of the town 1 met. 

A shepheril on the Hute did piny, 

The cattle leaf and foliage ate. 

1 asked how long is the lowu away 
Ho spake, and jiiped on as before, 

‘One plant is gieen when the other's o’er, 
This IS iny pasture fur evermore.' 

And when five hundred years were gone 
I came the same road as anon, 

Then did 1 find with waves a lake, 

A man the net cast in the bay, 

And when he paused fiom his heavy take, 
I asked since when the lake here lay? 

He spake, and laughed iny question o'er, 

* As long as the waves break as of yore 
Olio fmhes and fishes on this shore.' 

And when five hundred years were gone 
I came the .same way as anon. 

A wooded place f then did sec, 

And a hermit in a cell. did .stay ; 

He felled with an axe a mighty tree. 

I asked since when the wood here lay ? 
He spake : ‘ The wood's a shelter for ever- 
more, 

I ever lived upon this floor, 

And the trees will grow on as before.’ 

And when five hundred yeais were gone 
I came the same way as anon, 

But then 1 found a city filled 
With markets’ clamour shrill and gay. 

1 asked how long is the city hmit, 
Where’s wood and .seaandsheidierd’s play"*' 
They pondered not my question o’er 
But cried : ‘ Ho was it long before, 

And will go on for evermore.’ 

And when five hundred years are gone 
I'll go the same way as anon.” 

T 
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cj[uentl7 put forward and popularly accepted. It is 
useful then to note that in the course of the second 
half of the century we were more and more grow- 
ing out of the cyclical and realising the meaning of 
the genetic^ view of things natural. We have been 
taught in astronomy to inquire into the origin of our 
solar or any similar system and the conditions of its 
duration, to ask concerning the central heat of the sun 
whence it came and how long it will last — a question 
unknown to Laplace, — to consider the effects of tidal 
friction, to learn that all the movements in nature are 
ineversible as distinguished from completely revorsihlo 
ones, which only exist in abstraction ; and, liually, we are 
met with the doctrine of the immortality of tlie germ- 
plasma, an idea, the meaning and significance of which T 
shall have to explain later on. All these novel theories 
and views combine to impress upon us the general 
significance of the terms '‘genesis, evolution, develop- 
ment,’’ the fact that everything in and around us, in 
spite of the seeming recurrence of smaller movements and 
phenomena, and of the periodicity of the minuter and 
elementary changes, is slowly, continuously, and inevit- 
ably tending in a definite direefcion, which is certainly 
not that of a cyclical recurrence. 

Leaving aside for a moment these more general views, 
which have been clarified in the course of our century, 
it is interesting to note how they gradually emerged in 


^ PerhapH it would be uiore 
correct to say that we were learning 
to consider the changew within the 
larger cycles, confining ourselves to 
the study of one branch only of the 


periodic or cy<ilical movement of 
things around uh, that branch which 
we are pleased to call the aHconding 
or progressive bi-anch. 
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the teachings of the several natural philosoi^hers who 
initiated the genetic conception of natural phenomena. 
One of the earliest who broke with the older and intro- 
duced the modern methods was James Hutton, who to- 
wards the end of the preceding century led that school in 
geology which is called after him, and which violently 
opposed the ideas introduced from the Continent. The 
controversy culminated in the wrangle of the Neptimists 
and Vulcanists, those who looked to the agency of water 
and those who upheld that of fire as the principal cause 
of geological change. This diflcrence, which at the time 
impressed the popular mind, is hardly that by which, in 
a history of scientific thought,^ this controversy has 
become important. Hutton's position is marked rather 
by his opposition to catastropliism, and by his doc- 
trine that geological changes, such as the decay and 
reproduction of rocks, were going on with the utmost 
uniformity, being always in progress. Tliis he opposed 
to the ‘Wernerian view, which believed in the existence 
of certain “ fundamental rocks,” which were ‘^triumphantly 


^ The great merits of James 
Hutton, his extensive and original 
geological studies, his opposition to 
catastropliism, were overlooked 
through the theoretical discussions 
and the unfortunate title of Ins 
book. The world had grown tired 
of ‘ Theories of the Earth ’ and the 
discussion of fundamental problems. 
A spirit of observation had set in ; 
the Geological Society was formed, 
and theories were for tlie time dis- 
countenanced. (See vol, i. p. 290, 
note 1, of this ‘History,*) The attacks 
also of Kirwan and He Luc, which 
turned upon the stale argument 
that Hutton’s ideas were opposed to 
the scriptui*al records, had their 


efieot in circles in which everything 
connected with the revf)lution 
against Church and Htate was dis- 
tasteful. As Huxley has told us, 
Hutton came before his time. To 
him belongs the merit of having 
initiated the line of research and 
reasoning which, through the 
brilliant labours of Charles Lyell a 
generation later, swept away the 
older geolf>gy, and prepared the way 
for the genetic study of nature on a 
large scale. (See the “Historical 
Sketch*’ in the first volume of 
Lyell’s ‘Principles of Geology,’ and 
Huxley’s address on “Geological 
Reform,” 1869.) 
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appealed to if anybody ventured to doubt the possibility 
of our being able to carry back our researches to the 
creation of the present order of things/’ ^ Hutton 
destroyed these characters, which were considered by 
many as sacred, and declared that in the economy of the 
world he could find “ no traces of a beginning nor signs 
of an end/’ And yet, as Lyell has shown, his principles 
were only imperfectly carried through, for though he 
maintained that “ the strata which now compose our 
continents have once been beneath the sea, and were 
formed out of the waste of pre-existing continents,” he 
imagined that when the decay of old continents had 
furnished the material for new ones these were upheaved 
by violent and paroxysmal convulsions. He therefore 
required alternate periods of general disturbance and 
repose, and such he believed had been and would for 
ever be the courses of nature.” ® A strange mixture of 
the genetic and cyclical views of natural phenomena I 
Professor Huxley^ has explained these seeming incon- 
sistencies in the theory of Hutton, whom, together with 
Sir Charles Lyell, he has described as having founded 
the ‘‘ uniformitarian ” school of geology, by the infiuence 
which the discoveries of physical astronomy, brought 
out at that time by Laplace and his contemporaries, 
had upon Hutton. Thus Hutton writes : From seeing 
revolutions of the planets, it is concluded that there 
is a system by which they are intended to continue 
those revolutions. But if the succession of worlds 


^ See Lyell, ‘ Principles,’ 3rd ed 
vol. X. pp, 110, 91, 

- Ibid,, p. 89. ** Lyell, p. 92. 

^ Huxley, on “ Geological Re- 


form,” quotes largely frorxi Hutton’s 
‘Theory of the Earth’ (1758) and 
Playfair’s * Illustrations of the Hut* 
tonian Theory ’ (1802), 
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is established in the system of nature, it is in vain 
to look for anything higher in the origin of the earth. 
The result, therefore, of this physical inquiry is, that 
we find no vestige of a beginning, no prospect of an 
end.” The beginnings of the genetic view of geolog- 
ical phenomena, which in Hutton 'were still mingled with 
catastrophism, were further developed by Sir Charles 
Lyell in his celebrated 'Principles of Geology/ When 
he entered upon his geological researches, which were 
conducted during his very extensive travels all over 
Europe, a new element had already been introduced 
into science, of which neither Hutton nor Werner had 
been able to avail themselves extensively. This was the 
identification of geological strata according to the fossil 
remains which were contained in them, — a realisation 
of the plan of work already dimly foreshadowed in 
Leibniz’s ‘ Protogtea,’ but nevertheless accepted even by 
Humboldt as only a doubtful indication/ This valuable 
branch of geological science had been started by William 
Smith in his ‘Tabular View of the British Strata' in 
1790, and further elaborated in his geological maj) of 
England (1815), which was the fruit of his own un- 
aided labours, “ for he had explored the whole country 


^ The Wernerian school are gen- 
erally accused of having neglected 
the liistorical record afforded by 
fossil remains, and Humboldt, in 
his ‘ Essay on the Superposition of 
Rocks in both Hemispheres ’ (1 823), 
says (Eng. trausl., p. 52) ; In 
the present age naturalists are no 
longer satisfied with vague and 
uncertain notions, and they have 
sagaciously observed that the great- 
est number of those fossils, buried 
in different formations, are not 


specifically the same; that many 
species which theyhave been enabled 
to examine with precision vary with 
the superposed rocks. . . . Ought 
we to conclude from this assem- 
blage of facts that all the forma- 
tions are characterised by particular 
species ? that the fossil shells of the 
chalk, of the musohelkalk, of the 
Jura limestone, and of the Aljiine 
limestone, all differ from each other ^ 
This would be, in my opinion, to 
carry the induction much too far.” 


n. 

Lyplh 
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on foot without the guidance of previous observers or 
tlie aid of fellow-labourers/’^ and “had thus singly 
effected for the whole of England what many celebrated 
mineralogists had only accomplished for a small part of 
Germany in the course of half a centuiy/’ ^ Simultane- 
ously with Smith in England, Cuvier and Bronguiart were 
exploring the Paris basin. Thus the three diiferent 
nations of Europe with whom I am mainly concerned 
in this work furthered independently the main divisions 
of geological inquiry. “ The systematic study of what 
may be called mineralogical geology had its origin m 
Germany, where Werner first described witli precision 
the mineral character of rocks; the classification of the 
secondary formations belongs to England, where the 
labours of Smith were steadily directed to these ol)- 
jects , the foundation of, the third branch, that relating 
to the tertiary formation, was laid in France by the 
splendid work of Cuvier and Bronguiart.” ^ To these 
words of Lyell we can now add that the tiieoretical 
explanations were first suggested, and the correct line 
of reasoning on this accumulated evidence initiated, by 
Sir Charles Lyell himself. 

The key to the doctrines of Lyell was the study of 
existing causes — the attempt to show how the slow 
agencies which we now see at work in nature around 
us are sufficient to explain the successive changes ^ 


Lyell, ‘ Principle, s,’ vol, i. p. 

101 . 

Au expreBsion of rVAubuksoii, 
quoted by Dr Fitton, ‘Phil. Mag.,’ 
vols. i. and ii., also ‘Edin. Ilev.,’ 
Feb. 1818. 

^ See Lyell, Uc. a'jf., p. lOS, 

^ Id, ibid,, voL iil p. 278 : “ It is 


only by carefully considering the 
combined action of all the causes of 
change now in operation, whether 
in the anim.ate or inanimate world, 
that we can hope to explain such 
complicated appearances as are ex- 
hibited in the general arrangement 
of mineral masses.” 
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which the recognisable strata of the earth’s crust 
with their fossil remains indicate as having occurred 
in former ages. It was an attempt to “ reconcile the 
former and the present state of nature.’' ^ This was 
to break with the idea of great and general convulsions, 
to which the Continental school resorted in their ex- 
planations, and it also meant upsetting the vague notions 
which set a limit to the time ^ which should be allowed 
for the operations of natural causes. It is jjossible to 
admit that in both directions, in their uniformitarian 
explanation and in their geological time -reckoning, the 
new school frequently went too far, the indications 
of actual catastrophes and paroxysmal eonvulsious being 
to many oliservers quite unmistakable. On the other 
side, the arguments based upon physical astronomy, 
mechanics, and thermodynamics, which afford an inde- 
pendent basis for geological time-reckoning, were not 
yet elaborated,^ or were deemed too crude ^ to be of 
value; and for a good while geologists were permitted 


^ Lyell. vol. i. p. 114. 

- Id. ibid., p, 241 : “When diffi- 
culties arise in interpreting the 
monuments of the past, I deem it 
more consistent with philosophical 
caution to refer them to our present 
ignorance of all the existing agents, 
or all their possible effects in an 
indefinite lapse of time, than to 
causes formerly in operation but 
which have ceased to act.” 

^ See Lyell, vol. i. j). 154, &c., 
also vol. ii. p, 2/4 : “It has long 
been a favourite conjecture that 
the whcile of our planet was origin- 
ally in a state of igneous fusion, and 
that the central parts still retain a 
great portion of their primitive 
heat. Some have imagined with 
the late Sir W. Hersohel that the 


elementary matter of the earth 
may have been first in a gaseous 
state, resembling those nebulfo 
which we behold in the heavens, 
and which are of dimensions so 
vast that some of them would fill 
the orbits of the remotest planets 
of our system. . . . Without 
dwelling on such speculations 
which can never have any direct 
bearing on geology,” &c. 

* See Lyell, vol. i. p, 206, where 
ho refers to * ‘ astronomical causes 
of fluctuations in climate,” and to 
the calculations of Sir J, Herschel 
and the fact that “ tliih matter is 
still under discussion,” and that 
“ MM. Fourier and Herschel have 
amvod at very different opinions,” 
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to draw indefinitely on the great bank of time,^ just as in 
former ages they had been quickly brought to book by 
existing prejudices.^ 

Whilst these contributions to the genetic view of 
nature on the large scale were being independently 
worked out, the sciences which deal with the minute 
and hidden phenomena of organic growth had made great 
progress in the same direction. Here a definite scheme 
of development was quite evident to the most casual 
observer. In these sciences indeed we have to do with 
what is called in the German language the history of 
development ” ^ar cxcdleoice, a term which is iiiade(iiiately 
12. rendere<l by “ Embryology ” in French and English. For 
^mbryoi eiTor which has frequently and for long periods 

obscured the corrector view to assume that the clianges 
and processes which characterise the development of 
embryonic or germ life are essentially different from 
those which exist in the larger and more complex adult 
organism. The abolition of the fundamental distinction 
between the processes of embryonic and of adult or full- 


’ Lyell, vol. iii. p. 35S ; “ Con- 
fined notions in regard to the 
quantity o! past time have tended 
more than any other prepossessionn 
to retard the progress of geology, 
, . , and until we habituate our- 
selves to contemplate the possibility 
of an indefinite lapse of ages having 
been comprised within each of the 
more modern periods of the earth's 
history, we shall be in danger of 
forming most erroneous views in 
geology.” 

One of the first to attack the 
uniformitarian doctrine in geology 
and to apply the principles of 
modern physical science to geolog- 


ical and cosmical questions in this 
country was Lord Kelvin, His 
influence belongs, however, mainly 
to the post- Darwinian period, and 
l)eginR with his celebrated memoir 
*On the Secular Cooling of the 
Earth’ (Edin. Trans., 1862, re- 
printed in the 3rd vol. of ‘Math, 
and Phys. Papers/ p. 205). See 
I also the 2nd vol. of his *X*opu3ar 
Lectures and Addresses/ Accord- 
ing to the introductory statement 
in the former paper his doubts 
regarding the uniformitarian teach- 
ing began as early as 1844, 1 shall 
refer to these speculations at the 
end of this chapter. 
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grown life, the imification of thought on these matters, is 
quite as important in the history of science as the abolition 
of the supposed fundamental difference between animal 
and vegetable growth or between normal and abnormal (or 
pathological) development. The reduction of all these 
seemingly so different changes to the one great problem 
of cellular structure, cellular growth, and cellular division 
marks one of the greatest achievements of our century. 
“ Our position with regard to the cell is similar to that 
of investigators towards the whole animal or vegetable 
body a hundred years ago, before the discovery of the 
cell theory.”^ 

Anticipations of this generalisation, of the condensation 
of the whole problem of animal and vegetable embryology, 
of generation, growth, and organic development in the 
formula, omnis cellula ex cellula,'’ have indeed existed 
since the time of Harvey, who, in addition to the groat 
discovery of the circulation of the blood, laid down the 
thesis, omne vivum ex ovo/’ ^ The further correct 

^ See 0. Hertwig, “The Cell,” important of the organs of the 
‘ OutlmeK of General Anatomy and adult, nor by sudden metamor* 

Physiology.’ Transl. by Campbell, pliosis of a formative substance 

1895, p. il. into a immature of the whole, 

“ Cue of the best expositions of which subseiiuently grows, but by 
Harvey’s ideas is to be found in epigenesis, or successive dillerentia- 

Huxley’s article on “ Evolution in tion of a relatively homogeneous 

Biology ” in the ninth edition of rudiment into the parts and struc- 
the ‘Encyclopaedia Britannica.’ He tures which are characteristic of 
there also refers to Aristotle’s the adult.” In the sequel of his 
opinions. “ One of Harvey’s prime exposition, after maintaining epi- 
objeots is’ to defend and establish, genesis or after-formation against 
on the basis of direct observation* evolution in the older sense or pre- 
the opinion already held by Aris- formation, Huxley, however, makes 
totle, that in the higher animals a passing remark that “ though the 
at any rate the formation of the doctr'ine of epigenesis, as understood 
new orgamsm by the process of by Harvey, has definitely triumphed 
generation takes place, not sud- over the doctrine of evolution, . . . 
denly by simultaneous accretion of it is not impossible that, when the 
rudiments of all, or of the most analysis of the process of develop- 
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13 . 

Epigenesis 
ami e\ olu- 
tioii. 


14 . 

c. F. woin; 


geiieralisation which he ventured to put forward, that 
growth and development of the germ or embryo con- 
sisted in the addition or formation of new parts and 
structures through division or differentiation, was, how- 
ever, obscured and cast into the shade by the opposite 
doctrine, termed evolution, according to which every 
form or particle of organisation was minutely pre-formed 
in an invisible germ, and growth consisted merely in a 
process of enlargement, as a particle of dry gelatine 
may be swelled up by the intussusception of water.” 
The supporters of tliis doctrine, to which the celebrated 
names of Leibniz, Jloerliaave, Haller, and Bonnet belonged, 
seemed unable to conceive of any force in nature which 
was eapal)le of producing organisation, and were thus 
compolled to accept in some form or other the doctrine 
of tlie pre-existence of germs, a theory which has in 
modern times been revived under an altered form. 

The real foundation of scientific embryology, of the 
study of the genesis of vegetable and animal organisms, 
is now pretty unanimously ^ traced to Caspar Friedrich 
Wolff, wliose ‘ Theoria geiierationis ’ appeared in 1759, 
His observations refer alike to plant and to animal life, 
and his distinct object was to refute the theory of evolu- 


menfc is carried still further, and 
the origin of the molecular com- 
ponoubs of the physically gro8.s, 
though Hen.sihiy minute, Ixxlies 
which we term germs is traced, 
the theory of develf>})meiit will ap* 
proach more nearly to metamor- 
phosis than to ejjigenesis. . . . The 
process, whicli in its superficial 
aspect is epigenesis, appears in 
essence to be evolution in the 
modified sense adopted in Bonnet’s 


later writings ; and development is 
merely the expansion of a potential 
organism or original pro- formation 
according to fixed laws,” 

^ See .1, A. Thomson, loo, p* 
121. Yves Delage, * UJldroditcV 
p. 357, note ; and especially 0. 
Hertwig, ‘ The Biologh^al Problem 
I of To-day/ transl. by P. C. Mitchell 
(Heineiimnn’s Scientific Handbooks, 
1896), p, 4, &o. 
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tion and replace it by the correcter doctrine of epigenesis 
— i.e., of repeated or after-formation, Haller ^ thought 
very highly of this attack on his own view, but was 
not convinced b}^ it ; and although in botany Wolff’s 
views on the cellular structure of plants were adopted 
in France by Mirbel, and those on metamorphosis were 
unknowingly reproduced by Goethe, his inffuence on em- 
bryology dates actually only from the year 1812, when 
Meckel translated one of his treatises and thus drew 
attention to his great merits. Wolff tried to refute the 
theory of evolution or pre-formation, supplanting it by 
that of epigenesis or after -formation, through actual 
observations of the development of germs in plants and 
animals in definite instances. In botany his views, 
after lying dormant for a long period, led ultimately to 
the famous cellular theory of Sclileiden and Mohl. In 
zoology, shortly after Meckel’s republication of his treatise 
in 1812, there were published the researches of Pander, 
who, in his treatise on the development of the chick, 
gave a fuller and more exact view of the phenomena 
less clearly indicated by Wolff', and laid the foundation 
of the views of all subsequent embryologists.” 

Pander was a Ilussian by birth, and so was his greater PaiKieVai 
contemporary and friend, Karl Ernst von Baer,*^ a man Baer. 


1 As Prof. J. Arthur Thomson 
says (* Science of Life,’ p. 120), ** A 
single sentence, ‘ Es gibt kein 
"Werden — there is uo Becoming,’ 
sufficiently indicates Haller’s posi- 
tion.” 

® J. A. Thomson in article Em- 
bryology” (‘Ency. Bnt.,’ 9th cd., 
p. 105). 

The work of von Baer (1792- 
1876) remained for a long time un- 


known and unrecognised outside 
of Germany, Huxley made him 
known in this country by trans- 
lating extracts from his principal 
writings for Taylor’s ‘ Scientific 
Memoirs’ in 1853, nearly thirty 
years after von Baer had begun the 
brilliant series of his researches. It 
can be said of him that ho, even 
more than his forenuiners, Pander 
and Dbllinger, withdrew natural 
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who occupies a unique position in tlie history of natural 
science. He introduced the principle and aspect of 
development into the midst of those studies which, under 
the important but one-sided inliuence of Cuvier and his 
school, were in danger of being contined within the 
limits of morphology and comparative anatomy. Through 
a long series of most important embryological investiga- 
tions, conducted during the years 1819-1837, he demon- 


science from the spell under which 
it was kept for a long time in the 
West of Europe by the great 
authuiity of Cuvier. Geograph- 
ically also, von Daer’s activity was 
centered m Kouigsberg (where he 
was one of a brilliant company who 
made the LTuivoraity celebrated) and 
St Petersburg. Though a great 
admirer of Cuvier, whose biography 
he wrote, and an adherent of the 
doctrine of animal types, which he 
independently arrived at, he intro- 
duced three distinct lines of re- 
search into his scientific labours, to 
all three of which Cuvier was either 
foreign or distinctly averse — viss., 
rnioroscopio rehearcli, study of em- 
bryological development, and the 
philosophical Kpirit of the “Natur- 
philosophie," He was not daazlcd 
by the latter ; but whilst avoiding 
its extravagances and premature 
generalisations which then flooded 
German science, he always appre- 
ciated the search for the connection 
and unity of all the things of nature 
which was characteristic of that 
school, Baer stood, histoj’ically and 
philosophically, in the middle be- 
tween the extreme morphological 
and genetic views represented 
respectively by Cuvier before and 
by Darwin after him. Already in 
1815, when studying under pol- 
linger at WUrzburg, be was guided 
by the idea that ** nature follows in 
her creations certain general themes 
(types), and that she varies these in 
the difl'erent species.^* Von Baer 


also combined the geographical and 
anthropological interest, so largely 
represented })y Humboldt and 
Ritter, with his morphological 
and genetic studies. In fact, it is 
doubtful whether in any naturalist 
of the very first ordei the diifeient 
interests which the nineteenth 
century inhei ited and created were 
more eciually and impartially bal- 
anced than in him. The embryo- 
logical researches of von Baer 
stimulated many ardent students in 
Germany, such as Purkinje, Rathtke, 
Bischoli; and it is mainly through 
them that this branch of science 
was cultivated and made generally 
known. The name of the distant or- 
iginator thus became somewhat for- 
gotten, so that in French science we 
do not find von Baer as frequently 
and appreciatively mentioneil as he 
deserves. Ample information on von 
Baer’s scientific and personal char- 
acter can bo found in later publica- 
tions : foremost in his ‘ Auto- 
biography,’ published in 1865 ; in 
his ‘ Life,' by Btieda (1877) ; and in 
an elaborate work by Professor R. 
Stolzle, entitled ‘ K. E. von Baer 
und seine Weltanschauung’ (Re- 
gensburg, 1897). This work con- 
tains very ample and useful refer- 
ences and extracts from Baer’s 
writings and correspondence. V ery 
important are also von Baer’s 
miscellaneous writings and essays, 
which were published by Vieweg 
in Brunswick, in three parts (2nd 
ed., 1886). 
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stratecl in the completest manner the truth of epigenesis 
In fact, he had recognised development as the “ sole basis 
of zoological classification : while in France Cuvier and 
Geoffrey St Hilaire were embittering each other’s lives 
with endless merely anatomical discussions and replica- 
tions, and while in Germany the cautious study of nature 
was given up for the spinning of JSTatur-philosophies and 
other hypothetical cobwebs.” ^ 

The position whicli Karl Ernst von Baer occupies in 
the history of science and thought is in many respects 
interesting and unique. He lived early enough in the 
century to experience the full indueiice of Cuvier’s 
authority, and lived long enough to witness the great 
cliange which Darwin’s writings brought on in all the 
natural sciences ; whereas his great contemporaiy, 
Johannes Muller, passed away before the name of 
Darwin was known outside of liis own country. In 
unison with Muller, and yet in an independent manner, 
he effectually liberated German science from the undue 
influence of the speculative school. And he has, prob- 
ably more than any other great naturalist, recognised 
the importance of the three asi)ects which a contempla- 
tion of natural objects forces u^ion us : the apparent or 
real fixity of certain forms (the morphological view), 
the continued and orderly change of these forms (the 
genetic view), and the apparent or real existence of a 


^ Huxley in Taylor’« ‘Scientific 
Memoirh,' New Series, p. 176, 
a Yeryr important in this respect 
is a lecture delivered by von Baer 
in 1834, with the title ‘Das all- 

f emeinste Geaetz der Natur in aller 
Intwiokeiung (reprinted in the 
Brunswick edition, vol. i. p. 39 
) '' We must conclude that, so 


far as observations now give materia* 
for inferences, a transformation of 
certain ori^al forms of animals in 
the succession of generations is veiy 
probable, but only to a limited ex- 
tent (p. 60), a view which von 
Baer maintained to the end against 
extreme Darwinism (see p. 37). 
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ifj, 

Vois Baijr’s 
comprelion* 
sivo views. 


design in this process of change (the teleological view). 
Though his own researches did so much to give pronii- 
nence to the genetic view, to the concejition of develop- 
ment, he retained and elaborated the doctrine of types ; 
and though he effectually handled the modem methods 
of the mechanical or exact sciences, he realised tlie full 
importance of studying the things and processes of 
nature in their actual and living connection,^ and not 
merely in the artificial isolation of the laboratory or 
the dissecting-room. And he never became an adherent 
of the doctrine so prevalent with many of the followers 
of Darwin, that the apparent purpose of forms and 
processes in organic nature could be mechanically ex- 
plained. During the period of his greatest scientific 
activity he was little known outside of Eussia and 
Germany ; in England, Car])enter and Huxley alone 
drew attention to his cmbryological and genetic studies ; 
but since the tide of Darwinism has vSomewhat subsided, 
or has ceased to bo all-absorbing, it is to the writings 
of Baer that many naturalists revert. In fact they 
belong to the few books of this class written during 
the pre-Darwinian age that bear to be read and re-read 
with profit by those who take a philosophical and not 
merely a historical interest in the development of 
natural science. Perhaps the fact tliat von l>aor v\ras 
as great in relation to the morphologhjal as ho was 
in relation to the genetic and the teleological coti- 
ceptions of natural ]dienomena prevented him from 
producing that revolutionary in^pression on the minds 

^ See the rntrofliaction to the i gesschichteder O’hiore’ (KonigHberg, 
eecoud part of Iuh * FntwiokelungR- | 1837 )• 
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of his contemporaries which Darwin did, and for 
which he indeed largely prepared the way. Instead 
of opposing the genetic change and development of 
the forms of natural objects to their apparent fixity, 
he rather reconciled both views with each other by 
maintaining ^ that in order to obtain a just insight 
into the mutual affinities of animals it is Ijefore all 
things necessary to distinguish the different of 

OTf/anisntion from the different (jrcuh^i of rlado'piumtr 
He considered that^ ‘'the idea of animal organisation 
does not vary at equal intervals, but is realised in 
certain principal forms which again break up into 
variations of a lower grade ” ; and he ^ " arrived at tlie 
four principal divisions of the animal kingdom estab- 
lished by Cuvier.” In 1828, in lus work on the 'De- 
velopment of Animals,^ he discusses ^ " the prevalent 
notion that the embryo of higher animals passes through 
the permanent forms of the lower animals ” — Lc., " the 
doctrine of the agreement of individual metamorphosis 
with the ideal metamorphosis of the whole animal 
kingdom.” Von Baer had himself added greatly^ to 


1 See Huxley's translation, loc. 
Git, p. 178. 

“ Ibid., p. 182. 

Ibid , p. 183. 

See K. E. von Baer’s ‘ Ueber 
Entwicbcluiij^sgeschichle der Tliiere 
Beohaclitungund Iicliexion,’K( migs- 
berg, 1828. The above extracts 
are taken from the fifth soholhm : 

Ueber das Verhaltniss der Formen, 
die das Individuura in den verschie- 
denen Stufen seiner Entwickelung 
annimmt.” See also Huxley’s i 
Translation, loc. cit, x>p* 186, 189. | 
® Prof. 1. A. Thomson sum- I 
marises as follows von Baer’s own 


results ; “ It was von Baer who 
first clearly discriminated the great 
events in a life -history ; (a) the 
primary process of egg-cleavage, 
and the establishment of the 
germinal layers ; (6) the gradual 
ditterentiation of the tissues (his- 
togenesis) ; and (c) the blocking 
out "of the organs (organogenesis), 
and the shape-taking of the entire 
organism (moi'phogenesis) (‘Science 
of Life,’ p, 123). The classical 
work of von Baer is dedicated to 
his friend Pander, from whom and 
DdlUnger he acknowledges having 
received the first impulses towards 
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the existing knowledge of the early development of 
the germs of animals by discovering the ovum in the 
body of the mammalia before fructification, and by this 
and other discoveries secured his claim to be considered 
the greatest embryologist of his own age, and perhaps 
of all time. He goes on to examine to what extent the 
morphological differences which the animal kingdom ex- 
hibits in its various members can be taken as a guide to 
the genetic differences in the growth and development of 
the higher organisms. He, in fact, tried to ascertain 
how far the facts of classification throw a light on the 
facts of development, how far the changing embryo of 
the higher animal gradually passes through the permanent 
forms of the lower animals. He combats the idea that 
the classification or morphological arrangement can lie 
mil- serial — i.e,, brought into one continuous line or order. 


hiw researches. Ho wishes to dis- 
tinguish carefully between facts 
and theory, and is very cautious 
as to the latter, a trait which 
runs through all his writings. It 
is also very interoating to see how 
ill his biography tif Cuvier (post- 
humously published by Stieda) he 
considers it a merit of that great 
naturalist not to have indulged 
in genetic theories. “It is evi- 
dent that Cuvier in his youth had 
also a genetic system in view, such 
as Oken afterwards followed up, 
but that he must soon have found 
out that this task was unattaiuable 
for him. He abandoned it, and 
sought rather to draw from the 
mauifoldness of the formed pro- 
duct inferences regarding the con- 
ditioUH of its genesis. Thus he 
arrived at the teleological concejo- 
tiotts which he developed on vari- 
ous occasions. German naturalists 


drew from all this, especially in 
the ago of Schelling’s ‘Natnr-phil- 
osophie/ the conclusion that Cuvier 
was not a philosophical mind. To 
me it seems that we recognise in it 
Cuvier’s de.sire for clearness. He 
dropped the higher ta.sk because 
he found that it would not lead 
him to clear views” (‘Lebensge- 
schichte Cuvier’s von K. E. von Baer,’ 
ed. Btieda, 1897, p, 72). English 
readers, to wliom the genetic view 
has only become familiar .since 
Darwin or perhaps Lyell, will find 
with astoni,shinent how in the 
writings of Baer, before Lyell and 
even before the appearance of 
Cuvier's final system, genetic ideas 
were thought to be prevalent, and 
were criticised elaborately and re- 
ceived with the utmost caution 
even by the great propounders of 
the doctrine of development. 
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Animals differ according to the tj'pe of organisation to 
which they belong. Thus the “ embryo of the vertelirate 
animal is from the very first a vertebrate animal, and at 
no time agrees with an invertebi*ate animal.” ^ Having, 
however, once fixed the existence of special organic 
forms, he asks whether within the limits of such form 
no law can be discovered to formulate the development of 
the individual. He believes there can,“ and he proceeds 
to explain it in terms which for the most part might 
appear unaltered in the most modern work on evolution. 
He states that the more special type is developed from 
the more general, and that the more different two 
animal forms are, so much the further back must their 
development be traced to find them similar.” Indeed he 
thinks it probable that “ in the condition of the actual 
germ all embryos which are developed from true ova 
agree,” and he anticipates the cellular theory of Schwann, 
established by observation ten years later, by suggesting 
that the simple vesicle is the common fundamental form 
‘‘ from which all animals are developed, not only ideally 
but actually and historically.” ^ In further examining 
the process of development, von Baer introduces the 
very suggestive term ^ diffmrmtiatiou, The higher and 
lower development of the animal coincides perfectly with 
that histological and morphological differentiation which 
gradually arises in the course of the development of 
the individual”® Development, in fact, is the estab- 


^ LoL eit.y p. 220 ; transl., p. 210, 
^ Ibid, p. 221. 

3 Loc. citj p, 224 ; transb, p. 213. 
On this anticipation see, however, 
von Baer’s later explanation in 
‘Reden, &c.,’ vol, ii. p. 250, 

VOL. II. 


* The German term is “ Son- 
derung,*’ which Huxley renders by 
the English term “ Dif erentiation.” 

* Loc, citf p. 229, 230 ; transL, 
p. 219. 


U 
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views ]ii 
modern 
turins. 


lishing of differences, and in reality “ the embryo never 
passes through the form of any other animal, but only 
through the condition of indifference between its own 
form and others.” And he sums up his reflections by 
stating that the “ development of an individual of a 
certain animal form is determined by two conditions : 
first, by a progressive development of the animal by 
increasing histological and morphological differentiation ; 
secondly, by the metamorphosis of a more general form 
into a more special one.”^ 

In order better to understand the difference which 
separates these various reflections, though breathing so 
much the air of the more modern theory of evolution, 
from later views, and to prepare for a real comprehension 
of the great step taken by Darwin, it will be heljjful to 
resort to modern nomenclature. None of tiie terms of 
that vocal )ulary which was invented by Darwin and his 
followers to bring home to the popular mind the main 
points of his revolutionary doctrine are to be found in 
the earlier writings of von I>aer. Nevertheless they 
are useful in defining the views of the great naturalists 
who preceded Darwin. Since we have become familiar 
with the idea of the origin and the transmutation of the 
different animal and vegetable species, we are accustomed 
to apply the genetic view not only to the growth and 
development of individual living things in nature, but to 
everything else. When von Daer speaks of development, 
when he tells us that “ the history of development is the 
true source of light for the investigation of organised 
bodies,” he means development in the narrower sense, 

^ Loc. ciL^ p. 231 ; transL, p. 220. 
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that which Haeckel has termed Ontogenesis/’ the genesis 
of the individual being. From this Haeckel distinguishes 
Phylogenesis/’ the genesis of the phyla, the genera, and 
species. IsTow, in discussing the relation of the order 
which prevails in the natural systems of animals to 
the stages of development of individual embryos, von 
Baer does not seem to have had before his mind the 
genesis of one species out of another, a view which he 
in fact ridicules ^ after a very modern fashion. He looked 


^ Log. cit., p, 200 ; tranc?!., p. 187 
(1828) : “Tina idea — viss., that the 
higher forms of animals in the single 
Stages of the development of the in- 
dividual, from its first origin to its 
comi)leted development, answer to 
the permanent forms of the animal 
series — . . . could not fail to be 
widely accepted, since it was sup- 
ported by a multitude of special 
demonstrations. Certain of its ad- 
vocates were so zealous that they 
no longer spoke of similarity but of 
perfect identity, and assumed that 
the correspondence had been de- 
monstrated m all oases and to the 
minutest details, ... By degrees 
it became the custom to look upon 
the dilferent forms of animals as 
developed out of one another, and 
then many appeared to forget that 
this metamorphosis was after all 
only a mode of conceiving the facts. 
. . At length, in sober seriouH- 
ness, and with all due particularity* 
we were informed exactly how they 
arose from one another. Nothing 
could he easier. A llsh, swimming 
towards the shore, desires to take 
a walk, but finds his fins useless. 
They diminish in breadth for want 
of use, and at the same time elon- 
gate. This goes on with children 
and grandchildren for a few myriads 
of years, and at last, who can be 
astonished that the fins become 


feet It iH still more natural that 
the hsh ui the ujea<lovv, finding no 
w.iter, sliould gape ailer air, there- 
by, 111 a like iienod of time, develop- 
ing lungh ; the only tlitficulty being 
that in the me.in while a few genera- 
tions must manage to (h< without- 
breathing <at all. The long neck of 
the heron arose from a habit its 
ancestors acquired of stretching out 
their necks for the purpose of catch- 
ing fish. . . . An imincdirite conse- 
{lucneo of the assumption of this 
idea a natural law was that a 
view which had once been very 
general, but bad subsequently lieen 
pretty generally given u[),— that of 
the universal progression of the 
dillerent forms of anim.ds, — gradu- 
ally got footing again. ... It 
must be eoiifestoed that- the natural 
law being assumed, logical eonse- 
(juenoe required the admission ol 
the view in (fuerttion. O’here was 
then only one road of metamor- 
phosis, that of furfclier develop- 
ment, either attained in one in- 
dividual (individual metamorphoHis) 
or through the difierent animal 
forms (the metamorphoKis of the 
animal kingdom) ; and disease was 
to be consiiiered as a retrogresHive 
metamorphosis, because universal 
nietamorpboBis, like a railroad, 
allows motion backwards or for- 
wards, but not to one side.’* 
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upon this order as systematic only, and ideal ; ^ he thinks 
merely of arrangement or “taxonomy.” We may say 
tliat he deals with phylotaxy (called at that time tax- 
onomy), not with phylogenesis. He conceives that onto- 
genesis, the historical development of the individual 
thing, throws light on the “mutual relations of organ- 
ised bodies he wishes to make ontogenesis helpful 
in taxonomy or in phylotaxy. This term did not then 
exist, but it is useful in order to enable us to under- 
stand the change which came over natural science when 
the attempts at phylotaxy were succeeded by the schemes 
of phylogenesis, when reasons were established for taking 
in real earnest the idea then fancifully put forward that 
the natural order of living beings represented the order 
in which they had developed out of each other in time. 
These reasons did not at that time exist. 

A suggestion in this direction had indeed been thrown 
out, and an elaborate theory had been published about 


^ In his later writings von Baei 
notes especially the diftereuce be- 
tween a purely ideal and a genetic 
or genealogical relationship. See 
‘ Reden, &c.,’ vol ii. p. 886 (2nd ed.) 

‘Entwickelungsgeschiohte’ 
(1S2S), p. 231; transl., p. 221. 

® In a later publication of von 
Baer’s (see * Reden, &c.,’ 2 Theil, 
No. V., “Ueber Darwin’s Behre”) 
the aged autlior tries to de6ne more 
exactly the part which his early 
writings played in the gradual 
establishment of a genetic concep- 
tion of nature. If Haller arrived 
ultimately at the dictum “es gibt 
kein Werden, ” we may say that von 
Baer as emphatically asserted the 
opposite, that “es gibt kein Sein.” 
In Baer we have progressed from the 
study of the “ esse ” (fixed forms) to 


that of the “fieri” (processes of 
change and development). See the 
expositions in the introduction to 
the article on Darwin. He there 
also mentions Meckel and Oken as 
the two principal exponents of the 
extreme view then put forward and 
opposed by himself, that the human 
being in its development p.tsses 
through the different higher forms 
of the animal creation, and he 
maintains that Johannes Muller, 
who had in the first edition of hh 
‘Physiology’ accepted this view, 
struck it out in the second. He 
also refers to a passage in a Memoir 
of 1859, published just before the 
appearance of the * Origin of 
Species/ in which he maintains his 
belief “ that formerly organic forma 
were leas rigid. ” 
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ten years before von Baer ^ took up “ the subject, which 
then presented itself as the richest which an anatomist 
could take up, the history of development/' and twenty 
years before his first larger publication on this subject. 
Lamarck's ^ ' Philosophie Zoologique ’ appeared in 1809. 
Though known to von Baer, it does not seem to have 
ever been much appreciated by him, but it was the 
first serious attempt to deal with pliylogenesis, as von 
Baer's researches were the first consistent studies in 
ontogenesis. 

It is of interest to inquire into tlie reasons which 
induced Lamarck to form ojiiuions so entirely diilei'cnt 
from those which, through the influence ami tlie authority 
of Cuvier, were then prevalent among naturiilisls, and to 
oppose the idea of variability and of descent to that of 


^ Von Baer himself deseribey — 
using these words — how in the year 
1819 the play of accident or good 
fortune “threw this subject into 
his hands.” Stieda, p. 67. 

“ Since the interest in the specU' 
lations of J. Baptiste do Lamarck 
(1744 - 1829) has been revived 
through the writings of Charles 
Earwm, the historical antecedents 
of his ideas have also been studied, 
and his as well as Geoliroy’s 
theories have been brought into 
c<innection with the views contained 
in Bufioirs ‘ Epoques de la Nature.’ 
See es})ecia]ly the interesting an- 
alj’sis in Edmond Perier’s * La 
Philosophie Zoologique avanl Dar* 
wm/ 1884. “Ainsi surgissent, 
poses par Buffon, ce partisan d’abord 
si rdsolu de la fixiti* des espoces, 
tous les problknes dont la solution 
aura 4td sans aucun doute la pensee 
domiuante de la seoonde rnoitie de 
ee siccle . . . Et toutes ces 
grandes iddes que Buffon devine eu 


quelque sorte, vers lesrjuellcs il c.st 
iuviucibleuient entrainc par la puis- 
sante et ligoureuse logique de son 
gcmie, .sunt prdcdsdmont celles t[ui 
commencent aujourd’hui, appuyees 
sur un onsemblo iniposant de re- 
chcrches, h triumpher de tous les 
scrupules” (p. 68). “Trois grands 
hommes y vont jioursuivrc, pai* ties 
voies (Uverjses, I’ccuvre de Butibn : 
l^amarck, Geoffroy 8t Hilaire, et 
Cuvier’’ (p, 72). Fur the histori- 
cal connections of Lamarck’s ideas 
see also Hu.xley’a article in the 9th 
ed. of the ‘ Ency. Brit.,’ m which he 
points to a great change which took 
place in Lamarck's views between 
1/94 and 1 809. In fact, the theories 
which have given to Lamarck so 
distinguiKhod a pohitiou in the his- 
tory of the genetic view of nature 
belong to the latter half of liis long 
life. J know of no other recent 
example of .so late a development of 
quite original ideas except peiliaps 
the critical philosophy of Kant. 


1 !*. 

Lmiaick 
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the fixity and independence of species. And it is equally 
interesting to mark the causes which militated against 
the more general acceptance of his views, and which 
cast the ' Philosophic Zoologique ' into oblivion. To the 
first question Lamarck has himself, in the introduction ^ 
to his great work, furnished us with the means of reply- 
ing. He there tells us that when the real study of 
natural history began, and each of the different king- 
doms of nature received the due attention of naturalists, 
animals with a backbone — viz., mammalia, birds, reptiles, 
and fishes — received the greater attention," Peing in 
general larger, with parts more developed and mure 
easily determinable, they, as it were, obtruded them- 
selves on the attention of man, for whom they are both 
more useful and more formidable. The other large groiqj 
of animals, classed together first by Lamarck himself as 
“ Invertebrates,” are mostly very small, with organs and 
faculties less developed, and thus much further removed 
from man and his interests. Of this by far more iiiuner- 
ous class of beings, those called insects had alone at the 
end of the former century received considerable atten- 
tion, whereas all the others, classed together ])y Linntcus 
as worms,” formed a kind of chaos, an unknown laud. 


^ Lamarck’s later genetic views 
are contained in the ‘Philosophie 
Zoologique,’ which appeared in 
1809, and was republished with a 
biographical notice by Charles 
Martin in 1873. I quote from this 
edition. His prin cipal ideas arc also 
summarised in the introduction to 
his great work, ‘ Histoire des 
Anxmaux sans Vert^bres’ (1816), 
which in fact he represents as con- 


taining the ‘' pifices justificatives 
de ce quo j’ai public dans ma 
Philosophie Zoologique.” This great 
work was republished in 1837 by 
Deshayes and Milne ■ Edwards, I 
quote from this edition, which is 
in three volumes. 

See * Philosophie Zoologique,’ 
Diseours prclirnmaire, vol. i. p, 29 ; 
also ‘Animaux sans VertdbreH,* 
Introduction, vol. i, p. 11, 
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It was to some extent accidental ^ that Lamarck, after 
having devoted himself for many years to the exclusive 
study of plants, should on the occasion of the foundation 
of the different chairs for the natural sciences at the 
Museum ” suggested by Lakanal, have allotted to him 
the cultivation of this department, unknown to himself as 
it was to others, and where even the systematising genius 
of Linnaius had abstained from trying to make order. 
Thus it came about that Lamarck Ijrought to the study 
of the animal world a mind trained in a very different 
region of science,'^ and that he approached tliis study 


^ See the “ Introduction Biu- 
graphique/' by Martins, ‘Philos. 
Zool.,’ I. xiii. “Ija Convention 
gouvernait la France, Carnot or- 
ganisait la victoire Lakanal entre- 
piit d’organiber les sciences natur- 
elles : sur sa proposition, le Museum 
d’histoire naturelle lut ct^6. On 
avait pu nommer des profe&seurs 
k toutes les chaircs, sauf pour la 
zoologie ; mais clans ces temps 
d’enthousiasnie Ic France trouvait 
des hommes de guerre et des 
hommes de science^ partout oil elle 
en avait besoin. Etienne Geoffrey 
Saint- Hilaire (Stait lige de vingt-et- 
un ans, il s’occupait de mincralogie 
sous la direction d’Haiiy. Dauben- 
ton lui dit : ‘ Je prends sur moi la 
responsabilit<5 de votre inexpe- 
rience ; j’ai sur vous rautoritc d’un 
pore ; osez entreprendre cVen- 
seigner la zoologie, et un jour on 
puisse dire que vous en avez fait 
une science fran^aise.’ Geoffroy 
accepte, et se charge des anirnaux 
supdrieurs. Lakanal avait compris 
qu’un seul jjrofesseur no pouvait 
suffire h la tache de ranger dans 
les collections le rbgne animal tout 
entier. Geoffroy devant classer les 


vortobros seuleiueiit, lestaient 
invertebres, a savoir les inseefces, les 
mollusquen, los vers, les zoophylos, 
c’est-a-dire le chaos, rincoium, 
Lamarck, dit M. Michelet, accepta 
rniconnu . , il avait tout Ii iip- 

}>reiidre, tout ii creer dans ce moncle 
inexplord, ou Lmnd avait pour ainsi 
dire renonce k introduire I’ordre 
mothodnpie qu’il avait &u si bien 
ctablir j>aruii les anirnaux supdr- 
lours.*’ i.amarck was accordingly 
about lUty when he undertook this 
novel study, which, as Huxley 
]»ointed out, was to work such a 
change in his views {ha. cit) 

He had written in six months 
his ‘Flore frauvaise,’ which w’as 
prefaced by his ‘ Cld clichotomique.’ 
This in 1778. “Rousseau 

avait mis la botanique a la 
mode ; les gcus du rnonde, les 
dames s’en occupaSent. Buflbn 
fit iuqirimor les trois volumes de 
la ‘Flore Iran raise’ u I’imprmierie 
royale” {loo. ct/. p. 11). Lamarck 
had also (jualified as a naturalist 
by extensive travels in many Euro- 
pean countries as a companion to 
Cuffoii’s son. 
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from that side which at the time was the least known, 
and probably the least promising: he approached it, 
as it were, from below. But this had the consequence 
of givhig to his original mind in two ways a special 
direction. First of all, it enabled him to look at natural 
objects from a more general point of view, not as a 
zoologist or as a botanist, but as a naturalist and a 
biologist — ie,, from the more general view of the pheno- 
mena of Life.^ Indeed he himself seems to have been 
20. the first, if not to use, at least to introduce in his 
‘Biology.” published writings, the term “biology.”'^ And secondly, 


^ ‘PhiloN. ZooL,’ Discours pre- 
lim., p. 31: ‘‘Le viai moyeu de 
parvenir a bien conuaitre un objet, 
meme clans sc.s plus petits details, 
c’est de comuicncer par I’envisager 
dans son entier ; piilr examiner 
d’abord, suit sa rnasne, soil son 
etendue, soit I’ensemble de.s parties 
qui le compoHcnt ; par recherclier 
quelle est sa nature et son origine, 
quelles soub ses I'apports avec les 
autres objets connus ; en un mot, 
par le con&iddrer sous tous les 
points de vuo qui peuvent nous 
eclairer sur toutes lea gencralites 
qui le coiiceriient.” P. 32: “La 
necessity reconnue de bien observer 
les objets particulicrs a fait naitre 
I’habitude de ao bonier a la oou- 
sicleratiou de ces objets et de leurs 
plus petits details, de inanih’c 
qu’ih sont devenus, pour la plu- 
part des naturalistes, le bujet prin- 
cipal de 1 ’etude. Ce lie serait 
cependant jias unc cause reelle de 
retard pour les scieiicefe iiatureUes, 
si Ton fe’obstinait h. ne voir dans less 
objets observes que leur forme, 
leur dimension, lour parties ex- 
ternes, memos les plus petites, 
lour couleur, &:c., et si ceux qui 
se livrent a uno pareille etude 
dddaiguaient de s’clever ii des con- 
siderations supdrieures, comme de 


clierclier quelle est la nature des 
, objets duiit ils .s’occupent quelles 
I sont los causes des modifications ou 
des variations auxquelles ces objets 
I son! tous assujcttis quels aoni les 
I rapports de ces mcmes objets eutre 
I eux, et avec tous les autres que 
Ton connait,” &e. 

I Lamarcic in his ‘Hydrogco- 
logie,* in an appendix (p. 188) 

I wliicli seems to be a rehearsal of 
I his opening lecture of 1801, an- 
I nounces a work, ‘Biohigie,’ as a 
' sequel, being the third and last 
part of the Terrestrial Phyfiies. 
This work was not published, but 
was probably comprised in his 
‘ Philo.'^ophie Zoologique.’ See Prof. 
A. 8. Packard’s excellent work on 
Lamarck, ‘The Founder of Evolu- 
tion, his Life and “Work,’ London 
and Now York, 3901. As La- 
marck’s wntiugH are very scarce 
and his fceaohing only imperfectly 
understood, frequently misrepre- 
sented, even by competent autlior- 
, ities, and in popular opinion .sur- 
i rounded by mystery and sometimes 
treated with ridicule, the work of 
Pi of. Packanl is most welcome. 
It contains copious extracts — un- 
fortunately all translated — from 
the earlier biological writings an<l 
lectures, which are otherwise al- 
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it introduced him to the study of animal life from that 
side where organisation, the phenomena and the organs 
of life were the simplest, rudimentary as it were, and 
unformed. Here the great differences of form, the 
morphological differences which the observation of the 
higher and more developed creatures force upon our 
attention, disappear ; not the marked differences, but 
the numerous relations, the endless varieties and re- 
semblances, seem to command our consideration. These 
seem to be much more likely to ‘‘ malce us imderstand 
the beginnings of all organisation as well as the cause 
of its complexity and of its development.”^ Kow in 
descending in tlie scale of the living ol/jects of nature, 
Lamarck was struck hy the fact tliat many of the 
phenomena of life which in the higher animals seemed 
to originate within were in the lower creatures produced 


most inaccessible. According to 
Huxley (Lecture “On the Study 
of Biology,” 187t), and “Evolution 
in Biology,” ‘ Ency. Brit.,’ 9th ed.), 
there were simultaneously three 
independent attempts to treat the 
phenomena of organic life as a 
whole and iu connection, emanat- 
ing from Bichat and Lamarck in 
France, and from 0. 1{. Treviranus 
in Germany. The great but un- 
hnished work of the latter, with 
the title ‘ Biologie oder Philoso- 
phie der lebeuden Natur,’ was 
begun in 1796, when the author 
was only twenty, but the ftrsb 
volume was not published till 1802, 
one year after Lamarck’s *Hydrt)- 
gt'ologic,’ Haeckel in his ‘Natiir- 
liche SchdpfungH geschichte’ gives 
some account of Treviranus’ ideas 
(Band 1. Vorlesung 4). Although 
so much has been written about 
“Biology/^ the definition of the 
science xs still uncertain. Prof. 


Goebel says: “The word Biology 
is one of thof.e conceptions of 
modern times which have not 
arrived at a generally accepted 
limitation. S<une undei stand by 
it the whole science of living 
things, others only the doctrine 
of the phenomena of hfc in con- 
trast to the jjurely descriptive 
hranchc.s.” (‘ i^Han/.enbiologische 
Schilderungoni,’ Marburg, 1889, voi, 
i. p. 1 ), AVith Lamarck biology was 
only one divihion of a general 
science of nature, for he says 
(‘ Hydrogeologie,’ p. 8): “Toutes 
ees coiihid orations jjartagont natur- 
ellement la physi<j[ue terrestre en 
trois parties esscu tidies, donb la 
preiniorc cloitcomprendre la thdorie 
de Tatmosphere, la Mdtdorologic, 
la seconds cello de la crodte externe 
du globe, I’Hydrogcologie ; la troi- 
si^me ontin, celle dos corps vivants, 
la Biologie*’^ 

* Philos. Zoohf vol. i. p. 30. 
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21 

*'■ Environ- 
monl.." 


or excited from outside, and he was thus led to the 
conception that nature herself, through the environment, 
did a great deal for the lower creatures which m the 
gradual development of the higher ones she knew how 
to make them do for themselvesd In fact, the idea is 
worked out in the 'Philosophic Zoologique/ that if we 
commence the study of living creatures from below, and 
from the side of vegetable life, we are inevitably led 
to the conviction that the surrounding conditions and 
influences, the environment, are gradually and slowly 
modifying the elementary organisms, and through habit 
and inheritance^ developing the higher ones, endowing 
them with more specialised oi-gans and more complex 
powers and activities. 

Lamarck is aware that these ideas sound strange and 
novel, and he is quite prepared to admit in the reception 
of them by his readers the same inevitable force of habit 
which, as it only permits gradual modification of the forms 


^ Pliilos. Tiooh, ‘ Avertis&ement,’ 
p 13: “Ayant reinarque que les 
mouveiiients des aniiiiaux Jie sont 
jaiiiam communique's, mats qu’ils 
boat toujours excites, je recoimus 
que la nature, obligee d’abord cVem- 
]>rujiter des milieux eiivirounanta 
la puissance excitatrice des mouve- 
meuts vitaux et des actions des 
aiiimaux iuiparfaits, feut, en com- 
posant de plus eu plus Torgauisa- 
tion animale, transporter ceLte 
puissance dans Vintdrieur mmie de 
ces ctres et qu’t\ la fin ello parvint 
a mettre ceite ineme puissance a la 
disposition de rindividu.** P. 12 : 
“Ayaut considiirc que sans les 
excitations de I’interieur, la vie 
n’existerait point et ne sauraib se 
niamtenir en activite dans les 
vi%<5taux, je reconnus bientofc <ju’ 


un grand nornbre d’aniiuaux de- 
vaient se trouver dans lo nicrne 
cas ; et coinme j’avais eu bien des 
occasions de remarquer (jue, pour 
arriver au ui6me but, la nature 
variait ses moyens, lors(|ue eela 
etait ndeessaire, je n’eus plus de 
doute cet egard.’* 

^ Ibid., p. 13: ^‘Je pus saisir le 
fil qui he entre dies les causes 
nombreuses des phdnomdnes que 
nous oifre T organisation animale 
dans ses develop pements et sa 
diversity, ct bientot j’ap®r(;us I’im- 
purtance de ce moyen <le la nature, 
qui consisto conserver dans les 
nouveaux individus reproduits tout 
ce que les suites de la vie et des 
circoiistances iniiuentes avait fait 
acqu^rir dans Torganisation de ceux 
qui leur ont transmis Texisteiice. ” 
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of nature, so also opposes a great resistance to any sudden 
change of opinion. '' But it is better/' he says, ‘‘ that a 
truth once perceived should struggle a long time to obtain 
merited attention than that everything that the ardent 
imagination of man produces should be easily accepted." ^ 

Whereby it may appear to us worthy of note that 
Lamarck did not stop to reflect on the existence of those 
sudden changes by which such powers as the ardent 
imagination of man " are continually breaking through 
the slow action of habit. The doctrine of the mutability 
and variability of species, of the inliiience of the environ- 
ment on the habits, and through them and inheritance 
on the forms of living creatures, was tlius opposed to 
the prevalent doctrine of the fixity of species and the 
permanence and recui'rence of types. Through these 
generalisations, and through the larger view which 
Lamarck took of the phenomena of nature and of life, 
lie stepped outside of that school of natural studies 
which was then dominant in his country, and approached 
the teachings of the German philosophers of nature, such 1^2. 

^ . jr ir The^Natur- 

as Schelling, Oken, and Steffens, with whom Goethe is 
frequently associated, who, rathei* than limit themselves 
to the patient study of detail, indulged in fanciful 
theories on the origin of life, the genesis and metamor- 
phosis of forms, and the ideal significance of natural 
phenomena and processes. A wide gap separated the 
speculations of the author of the Flore fran^aise/ the 
‘ Histoire des Animaux sans Vertebres/ and the ‘ Memoires 
sur les Co{j[uilles fossiles des environs de Paris * from those 
of the German school, yet it cannot be denied that in 
^ Philos* Zool., p. 15. 
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many passages of the ' Hydrogeologie/ where he specu- 
lated on matters of chemistry, geology, and meteorology 
without the necessary foundation of facts, such as he 
possessed in botany and zoology, he laid himself open 
to the criticism and ridicule ^ of his more cautious 
opponents. Thus it happened that the most original con- 
tributions to science were forgotten or disregarded for 
more than half a century, after which time Lamarckism 
became a familiar term in speculative science, denoting 
one of the great ideas with which the genetic view of 
nature operates — viz., the influence of environment, 
adaptation, acquired habits, in the development of living 
organisms. 

23. In the history of the genetic view of nature, the 

Lainaiclv 

.mtuon position of Lamarck may be regarded as, in a certain 
sense, complementary to that of von Baer. Loth brought 
the study of living forms back to that of their origins 
— Lamarck to the study of the lowest forms of animal 
creation, the great variety and abundance of which lie 
was the first to attempt to put into some order; von 
Baer to the study of the embryonic beginnings of the 
higher organisms, on which important subject he was 
one of the first to throw some light. Though widely 


1 See, inter alia, what Cuvier 
wrote in hia ‘Eloge de Lamarck,’ 
which was read posthumously in 
the Academy by Silvestre, 26th 
Noveuiber 1832 (* Mem, de TAcad. 
des Sciences,’ vol, xiii. p. xx), 
with omissions to tone down its 
severity : ‘‘ Quelque xnteret que ces 
ouvrages excitassent par leura par- 
ties positives, personiio iie crut 
leur partie aystematique assess 
dangereuse pour meriter d’etre 
attaqu4e; on la laiasa dans la 


mcme paix que la thdorie chim- 
ique ” ; and further on he touches 
on uiie of the weakest points of all 
genetic speculations (p. xxii) : ‘*Le 
temps sans borne qui jouo un si 
grand rOle dans la religion des 
mages, n’en jouc pas un moiiis 
grand dans toute cette pl^5^'^i([ue 
de M. de Lamarck, et o’dtait sur 
lui qu’il se reposait pour calmer ses 
propres doutea et pour r^pondi’e 
ii toutes les objections de ses 
lecteurs.” 
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different in their mental attitude, the two nieii agreed 
in looking for the advancement of natural science in 
an understanding of the simpler, unspecified, and un- 
differentiated forms or stages of existence out of which 
they conceived the more complex to have grown or de- 
veloped by a process of specialisation or differentiation. 
Many other naturalists and philosophers contributed, 
partly independently, partly through the influence of 
Lamarck's systematic and von Baer's exnbryological 
labours, to elaborate the same view and strengthen tiie 
same tendency of thought and research. Nor were 
there wanting suggestions as to the ultimate philo- 
sophical drift of the line of reasoning. It is doubtful 
whether these speculations, like those of Oken in his 
‘ Physio-philosophy,' did not retard rather than promote 
the acceptance of the genetic view by scientific thinkers: ^ 


^ On the position of Goethe and 
Oken in the history of the genetic 
view, see Cams, * Geschichte der 
Zoologie/ p. 723 ; von Baer, 

‘ Redea und wisaenschaftliche Ab- 
haiidlungen,’ Bd. II. p. 258, &:c. 
Both consider Lamarck as the real 
originator of a scientific theory of 
Descent. Von Baer gives an amus- 
ing account of the extent to which, 
as early" as 1829, actual genealogical 
trees were given in Jacob Kaup’s 
‘ Skizzii te Entwickclungsgesehichto 
und naturliches System der Eur- 
opaeischen Thierwelt.’ Von Baer 
sums up his historical account in 
the following words (p. 264) : In 
general I believe that at that time, 
when the succession of different 
animals and plants in the history of 
the earth — and generally from im^ 
perfect to more perfect organisms 
—occupied the thoughts of natural- 
ists, and when, at the same time, 
the study of development of single > 


organisms had taken a new start, 
the notion of their Transformation 
was pretty generally accepted.” 
The view expressed here by vou 
Baer would probably have to 
he limited to German naturalists at 
that date. It must, howevei*, be ad- 
mitted that the fairest oxjjosiUon 
and criticism of the arguments of 
Lamarck at that ejarly date i.-> 
ably to be found iii Lyell’s ‘Prin- 
ciples of Geology ’ (vfjl. ii. Bk. IIL 
chap. i. to iv.) He tliere also con- 
siders the ax'guments derived from 
embryology as contained in the re- 
searches of Thiedemann, conjirmed 
hy Serres {‘Anatomic Oompar’tk" du 
Cerveau/ 1824), and comcH finally 
to the result tluit—L “ There is a 
capacity in all species to a(*(!ommo- 
date themselves.” 2. “That the 
mutations thus superinduced are 
governed by constant laws.” 3. 
That “some acquired peculiarities 
of form, structure, and instinct arc 
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24 . 

The 

‘ Vesliges.' 


they belong, therefore, more to the history of pliilo- 
sophical than to that of scientific thought. There is, 
however, one instance of which it is necessary to take 
a passing notice, 

In the year 1844 a book appeared which in nine 
years, up to 1853, ran through nine large editions. It 
was anonymous,^ and bore the title ' Vestiges of the 


fcransiiiishjible to the ohspriny.” 4. 
That “inrlefinite divergence ’’ from 
the original type is “prevented.” 
5. That “the intermixture of dis- 
tinct species is guarded against by 
the aversion of the individuals com- 
posing them to sexual union.” 6. 
That “it appears that s])ecieK have 
a real existence in nature, and that 
each wa.s endowed, at the time of 
its creation, with the attributes 
and organisation by which it is 
now cHsliiiguibhed. ” The reviewers 
of Tjyell’s work — such as Whewell 
(M^Juarterly,’ vol. xlvii. p. 113) — 
tieat Larnaick with much less 
gravity than Lyell himself, who 
evidently had studied the ‘Philoso- 
phic Zoologique ’ carefully and with 
much interest ; which, I am afraid, 
was not the case witli many others 
wlio then and long after only t{uoted 
certain extreme passages aud ex- 
ani})les whirh had been spread in 
geiKTal htei'ature in a garbled 
fashion. Contrast in this respect 
wluit I. yell wrote to G. Man tell in 
18!:J7 (‘ Life of byell,’ vol. i. p. Id8), 
where he admits having “devoured 
Lamarck with ])leasure,”and though 
disagreeing with him, admits that 
it is impossible to say “what 
changes species may really under- 
go,” with the remarks of Ohailes 
jJrirwin — otherwise so careful and 
moderate — when he talks of “La- 
marck xionsense ” (‘Darwin’s Life 
and Letters,’ p. 23) and his “verit- 
able rubbish” (p. 29), and attrib- 
utes to him statements which such 
a careful student of lus writings as 


Pi of. Packard had been unable to 
trace (see his work on ‘Lamarck,’ 
1901, p. 74). One would be m- 
clme<l to agree with Darwin that 
such absurditich have done tlie sub- 
ject more harm than good, but to 
attribute them rather to garbled 
paraphuisch and <|uutations by La- 
marck’s tiitics(sec Dai wm toHooker, 
1853, ‘Life,’ vol. ii }>. 39) than to 
Lamarck himself. More than thirty 
years aftei the ]mblication of the 
‘ Principles,’ when, in consequence 
of the ap])e.iiance of the ‘ Origin of 
Species,’ the subject of Transmuta- 
tion was much discussed, Lyell 
wrote to Darwin that lie had re- 
read Lamarck, and admitted that, 
“ remembei mg when his book was 
written, be felt he had done him 
[Lamarck] injustice” (‘Life, &c. , 
of yir Charles Lyell,’ 1881, vol. ii. 
p. In the same letter Lyell 

.states that forty yeais ago (1823) 
Pivvost, a pupil of Cuvier’s, told 
him his conviction “that Cuvier 
thought species nut real, but that 
science could not advance without 
assuming that they were so.” 

' ^riio anonymity of the work was 
long uumifcained, and though, after 
various guesses as to the author- 
ship— attributing it, c.^., to Lyell or 
Darwin —had been made, it was gen- 
erally believed that ILobert Cham- 
bers (1 802-1871 j was the author, 
this was not publicly admitted till 
Alex. Ireland — the last survivor of 
the few friends to whom the secret 
w^as committed — })ublished (1884) 
the twelfth edition of the book, 
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Natural History of Creation.’ This book contained a very 
clear and popularly intelligible statement of the genetic 
or development hypothesis as applied to cosmic, geolog- 
ical, and organic xDhenomena. The importance of the 
book did not lie in its own original contributions, but in 
the great controversy which it occasioned. In this con- 
troversy most of the arguments for and against the 


with an introduction, in which he 
“ told for the first time ” the “ story 
of the authorshq:). ” It is of interest, 
after the lapse of half a centui-y, to 
read the various —mostly hostile- 
criticisms of the book in the reviews 
and magazines of the day.^ The 
attacks came from two distinct 
sides ; from scientific authorities, 
who — each in his own specific 
branch — challenged the conectness 
of single facts, mostly without iii- 
(juiring whether, in spite of many 
misKtatenients, sufficient evidence 
was not aftei all ailduced to prove 
the main thesis ; and, socoiidly, 
i.oui both scientific and popular 
writers, who used the well-known 
arguments, that the teaching of the 
book was unorthodox, both in a 
religious and scientific sense. Jn 
fact, they displayed in a great 
degree scientific and religious dog- 
matism and intolerance, and in some 
cases considerable temper. To this 
larger section of the critical attacks 
belonged the reviews in all the 
leading periodicals of the day, 
headed by the ‘ Edinburgh Re- 
view ’ (Adam Sedgwick), the * North 
British ’ (Sir Diivid Brewster), the 
‘Eclectic,’ the ‘North American ’ 
(Bowen and Asa Gray), the ‘Brit- 
ish (Quarterly,’ Tolerance and ap- 
preciation were, however, shown 
by some of those more recent re- 
views which were professedly the 
organs of freedom, enlightenment, 
and progress, notably the ‘ Pros- 
pective * (F. W* Newman) and the 
‘Westminster’ in two articles, in 


! the first of which the genetic view 
of the ‘ Vestiges ' is suggestively 
contrasted with the puiely desciip- 
tive <.tt the ‘ Kosinos.’ Looking at 
the whole c<»utrc)versy, the ‘ West- 
minstor Review’ (xliii. loO) seems, 
in Uie light of history, justified m 
maintaining that, after “ having 
attentively consideied the objec- 
tions which have been urged in 
numerous able criticisms to the 
theoiy and the arguments iif the 
author,” aftei noting that “ learned 
men have discovered tliat he ivS less 
familiar than they with the pedantry 
of science.’' that “they have 
triumphed in the detection of slips 
of the pen, mistakes in technicali- 
ties, and some inaccuracies of fact,” 
the conclusion is novei'theloss jufsti- 
fied that “ those detract but little 
from tbe merit of a work which 
may be fairly characterised as the 
most skilful generalisation that has 
yet (1848) appeared of the results of 
geological, astronomical, and i>hy Bi- 
ological researches made to bear 
upon the history the first and 
most momontous of all problems — 
the order and plan of creation.” 
It is known that some scientific 
men of first rank, such as Baden 
Rowell of Oxford, and the physi- 
ologist W. B. Carpenfor (who, 
according to Huxley, was the only 
aut-Kority in this country ac(iuainted 
with the ‘Rntwiekelungsgescbichte ’ 
of vou Baer), distinctly supported 
the doctrine of the ‘ Vestiges ’ ; and 
Darwin iiimself, who had studied 
the * Vestiges ’ with evident care 
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Popular 

lulltioiief*. 


genetic aspect, which have since become familiar, were 
very ably stated by scientific as well as by 
writers. Earlier anticipations of the genetic view were 
recalled, the historical sketch given in LyelFs ' Prin- 
ciples ' was supplemented by reference to many great and 
many forgotten authorities, who in more or less distinct 
terms had given expression to their belief in a gradual 
development of the existing forms and phenomena of 
nature out of simpler beginnings, which they described 
with more or less precision. It cannot be denied that 
the enormous literature which accumulated during the 
ton years following the publication of tliis book unsettled 
the popular mind in this country, and prepared it for 
a really able, dispassionate, and exhaustive cx})ositiou of 
the wliole sal)ject, and especially of the crucial problem 
to which it was narrowed down, the question regard- 
ing the fixity or varialiility, the historical origin and 
development or the sudden creation and persistence, of 
animal and vegetable species. The genesis of the cosmos 
as suggested by Laplace, the geological history of our 
earth as worke<l out by Lycll, the fact of organic growth 
and development as given by embryology, seemed clear 


(hoc ‘'Life of Darwin, ’vol. i. p. 333), 
gave probably the fairest verdict ou 
the book in the historical preface 
tt) tlio later editions of Mh own 
great work, whore ho says ; '• The 
W(jrk, from its powerful and bril- 
liant stylo, though displaying in the 
earlier editions little accurate know- 
ledge and a great want of scientific 
caution, immediately had a very 
wide circulation. In my opinion, 
it has done ox(iellent service in this 
country in calling attention to the 
subject, in removing prejudice, and 


in thus preparing tlie ground for 
the reception of unalogous viown ” 
(‘Origin of J^pecies/ fith ed., 1872, 
p. xvii). In a lilstory of European 
thought it is well to mention that 
the ‘Vestiges’ had no infiuence on 
the Continent, for reasons partially 
stated in the text. A little later, 
however, a sitnikr “ Bcandale ” (as 
the * Graiide Encyclopddie ’ has it — 
art. *‘ii, Chambers and L. Biichner ’*) 
arose in Germany on the publication 
of ‘ Kraft und StoE’ 
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and plausible enough, but there remained the last strong- 
hold of the older view, the existence of definite forms of 
animal and vegetable life. Were these to be merely classi- 
fied and reduced to separate tyj)es, as the morxjhological 
view was contented to reduce them, or was the growing 
evidence of variability to be intej‘X)reted in favour of a 
gradual develofjment of the higher out of the lower and 
sim])ler forms of life ^ Above all, liow was the highest 
type of all, man himself, to be regarded in vsuch a crnn- 
prclieusive scheme of development Jii Geriiiany many 
great naturalists ^ were quite prexjared for a consistent 
genetic or developmental view of nature ; in Fiance at 
that time the question was not agitated at all, the sug- 
gestive writings of Lamarck and St Hilaire having lieeii 


^ Thia cloeri nofc refer to the 
oarliej writiiiga of Goetho, Okon, 
TrevirainiH, and others, whose 
njerith, since the appearance of 
the ‘ (Jrigm of Species,’ have been 
variously estimated by Buxley in 
England and by Haeckel in Ger- 
many : their specuUtionsJiad, with 
the generalisHtiona of the ‘Natur- 
philoyophie,’ been hwept away by 
the inductive school represented in 
botany at that time by von Mold, 
Nageli, and Hofmeiater ; in zoology 
)>y the einbryological school with 
von Uaer at its head. Of W, Hof- 
meistcr <'18144-1877), whose labours 
begin about ten years before the 
appearance of JJarwin’H great work, 
Julius Sachs says : ^‘The results of 
his ' (Jornparative Kesearches ’ (1349 
and 1851) were magnificent beyond 
al! that has been aolxieved before or 
since in the domain of descriptive 
btitany, . , . the conception of what 
%vas meant by the development of 
a plant was completely changed, 

. . , the reader was presented with 

VOU IX. 


a picture of the genetic (‘ormootion 
betw'cen cryptcigams and ]»hauero* 
gaiiiH which could not l»e reconciled 
with the then reigning belief in the 
constancy of species.*. . . 'When, 
eight years after Hofmeister's 
‘Gompaiative Itesearches,* Har- 
win’s theory of descent appeared, 
the aftinities of the large divisions 
of the plant- world lay ho openly, ho 
deeply founded, and so clearly be- 
fore the eyes of studentH of nature, 
that that theory had only to recog- 
nise what had been made evideuf. 
in this line by genetic morph- 
ology ”(‘Ge.sch. d, B()tfinik,' p, 1415, 
&c.) In another directiiui Nagoli, 
by his mechanical theory of “the 
growth and internal structure of 
organisms,” which he reduces to 
“ physical, chemical, and mechanical 
processes” (1860), fell in with Dar- 
win's attempt to “ reduce the earlier 
purely formal consideration of or- 
ganic structures to a causal (genetic) 
view " (ibid., p. 373). 


20 . 

rtenetu' vieu 
ni Ueiman> 
and Fra net* 
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entirely overruled by the authority of Cuvier.^ In 
England, where geology and natural history were always 
popular pursuits, the question was one of more than 
scientific interest: it was one which had been appropii- 
ated by general literature,^ and the larger bearings of 


1 Huxley describes the position 
of France and Germany to the doc- 
trine of descent as follows: “In 
France tlie influence of Elie de 
Beaumont and of Flourens, to say 
nothing of the ill-will of other 
pow^erful members of the Institute, 
produced for a long time the effect 
of a conspiracy of silence. . , . 

Germany took time to consider ; 
Broun produced a , . . translation 
of the ‘ Origin ’ . . . ; but I do not 
call to mind that any scientific 
notability declared himself publicly 
in 1860. None of us dreamed that 
in the course of a few' years the 
strength (and perhaps, I may add, 
the weakness) of ‘ Darwinismus ’ 
-would have its most extensive and 
most brilliant illustrations in the 
land of learning. If a foreigner 
may presume to speculate on the 
cause of this curious interval of 
silence, I fancy it was that one 
moiety of the German biologists 
were orthodox at any price and the 
other moiety as distinctly hetero- 
dox. The latter were evolutionists 
it priori already,” &c, (‘ Life of Dar- 
win,’ voLii, p. 186). The two men 
abroad to whose opinion English 
biologists of that day would prob- 
ably attach the gieatest value were 
Karl Ernst von Baer and Milne- 
Ed wards. The former “wrote to 
Huxley in August 1860, expressing 
his general assent to evolutionist 
views” {loo, ciL, p. 186, note). It 
was von Baer from whom Huxley 
admits to Leuckart that he leaimt 
the “ value of development as the 
criterion of morphological views ” 
(‘ Life of Huxley,’ vol. i. p. 1 63). Von 
Baer later, on qualified bis adher- 


ence, admitting development only 
within the regions of the different 
types which he had established (see 
the second volume of his collected 
papers). The opinions of the great 
contemporary French zoologist, 
Henri Milne-Edw'ards (1800-1885), 
are fully given in the last chapter 
of his very interesting ‘ Hajiport sur 
les progr^s recents des Sciences 
zoologiques en France’ (1867), 
where he also refers to the writings 
of Isidore Geoffroy Saint-Hilaire, 
who in France continued to some 
extent the line of research and 
reasoning which, through his father, 
Etienne Geoffroy, and Lamarck, 
dates back to Buffon, Bonnet, and 
other philosophical natui’alists, of 
whom, under the name of Trans- 
formistes,” M. Edmond Perier has 
'given a connected account in his 
very valuable historical work, ‘ La 
Philosophie zoologiqiie avant Dar- 
wdn’ (1884.), JVLilne-Ed wards re- 
mained to the end imeonvinced by 
the arguments of Darwin. He had 
already in 1853 set fortli his ideas 
referring to the general, problems 
of zoology, and he repeated them in 
1867 {loc, cit , p. 432 aqr/, ) It i.s, 
however, well to note that ever 
since 1827 {loo, cit,, p. 453, note) 
he had contributed largely to the 
furtherance of the genetic view by 
his principle that progress iii nature 
depends on division of labour. In 
his subsequent writings he <lwells 
with much success on this principle 
of the “division of physiological 
labour.” (Bee Spencer, ‘Biology.’ 
vol I p. 160.) 

About ten years after the con- 
troversy about the * Vestiges * luul 
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which had been fully demonstrated to the educated and 
reading public. There has always existed in tiiis country 
a class of literature which is almost entirely wanting, ur 
has died out, on the Continent The value of this class 
of literature has been diflerently gauged, but it never- 


filled the columns of the foieuiost 
British periodicals, we find iu 
Gemniny ii similar agitation origin- 
ating tlirough the ])ublicatioii of 
several works which Inive since 
been generally considered as the 
pui’est expression of Materialisni- 
The oontioversy begins in 
W’lth the publication of iludolf 
Wagner’s ‘ idiysiological Lettern,’ 
MoleschotFs ‘ Ivreislauf des Be- 
boiis,’ and (VI Vogt’s ‘ Uildei aiis 
dem Thierloben ’ ; it came to its 
lieight after the appeurauce (m 
1855) of Tj. Buclmor’s ‘Kraft und 
Stoff,’ and occupied the ineetnig of 
scientific *ui<l medical men which 
was hold 111 (.lottingen in 1851. 
a’he subject belongs ossentially to 
the history of philosophical thought, 
and can be studied in the very fair 
and exhaustive ‘ History of Materi- 
alism’ written ])y F. A. Lange, with 
a distinctly idealistic tendeney 
(English translation, three vols., by 
Thomas, 1880). J mention the sub- 
ject in this (*ounecti<»n, because in 
Germany and England attempts 
were made about the same time to 
found a general pliiloMophy of life 
upon the teachings of science*. This 
had been done about two generations 
earlier iu France by the "‘Hensu- 
alistes ” and the “ Ideologues For 
a French public neither the Englisli 
nor the Gorman controversy pre- 
sented any essentially new feature, 
or di&closed any novel argument. 
The older orthodox conceprioim had 
been abandoned very largely in 
France in the eighteenth ccnitury, 
and at once i‘epla>ced by concep- 
tions derived from Hcieucu. In 
Germany a similar movement took 


place, likewise during the ciglii- 
eenth ceiitiny; but, instead of 
exact hcieuce. it was the prevailing 
ide.ihstiu piiilosophy which wa-; 
appealed to for the iiurjiose nf 
gaming new* foundations, and 
science onl;y came m when the 
sjieciihitive restoration was gener- 
ally coubidercd to have faileil. In 
Eiighuid, wliich had loaili, -upplied 
the beginnings both for the French 
sensualislic ])hiloso]>lty tInouj.!ii 
Locke, and for German t*iiti''Ma 
through Locke and Hume, the 
ohler (irthodox foundations were 
not materially shaken before the 
middle of the nineteenth cen- 
tury. The author of the ‘Ves- 
tiges ’ flistinctly appeals to science, 
though in a religious spirit, de- 
siring to make it helpful for a 
general philosophical, and not, 
merely mi industnal, purpose, 
Again, the English mos'ement, 
-which really culminated in Herbeit 
Spencei, difiVu'H from tlie German, 
being more infliuineefl by biologh'al 
conco}itionH, whereas in Germany 
the extreme syrtt(‘m of Buchner 
took purely mechanhsal, though 
ill-defined, ideas — force ami matter 
— a« the shibboleth. Jt is signif- 
icant, aw showing the great general 
imjmrtance of Darwinism, that 
through it both the i*fmti‘oversy 
over the ‘Vestiges* in Englanil 
and that over ‘ Material] wiuuh* in 
Germany were, soon cast into 
<jbliviou, though they had both to 
Home extent prepara<l the way (sco 
Lange, Hlesch. des Mat./ p. 570, 
AuHg. and Haeckel, ‘8ehop- 

fuugsgeiifchichtc/ vol i. p, 08, 0 

Aull.) 
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theless forms an important feature in the development of 
English thought, if not also of English science. It is 
27. the apologetic literature, those works which deal with 

hSratiire m what have been termed the '' Evidences.” In the absence 

Englainl. 

of any scientific theology based upon accurate historical 
research and philosophical criticism, such as has existed 
with many good and some evil results since the end of 
the eighteenth century in Germany, the need was felt 
for defending or interpreting those answers to the great 
problems of Nature, Man, and Life, which seemed bound 
up with the Christian belief, or suggested by the sacred 
writings. The teaching of science had not become, as in 
Erance, a purely secular occupation ; instruction was not 
separated from education ; apologetics had not become 
doubtful through the bad faith and duplicities of cynics 
like Voltaire, nor ridiculous through the puerilities of 
shallow writers such as Oampe in Germany. Many 
serious minds were occupied with the growing dis- 
crepancies between scientific and popular religious teach- 
ing, and believing they could discern the drift of the 
former, they made various more or less successful 
attempts to effect a reconciliation between the moving 
and developing conceptions of scientific thought and the 
fixed and imalterahle ideals of religious belief. 8 ueh 
attempts must be doomed to failure, or at best they 
offer an individual solution, interesting only if it 
happens to be the inspiration of a poet or if it repre- 
sents the creed of one of the few great and soaiing 
intellects which appear once or twice in a century* 
The conviction is gradually gaming ground that scientific 
and religious thought emanate from two separate centres^ 
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that although they inevitalily come into frequent con- 
tact, the study of their iiidepeiident oi'igin and liistory 
and their ditterent psychological method is more valuable 
than a teuiporary and merely ephemeral compromise of 
tlieir respective doctrines. Ha]>pily this country has 
})roduced many great and a few thinkers of the linst 
order, in whom the greatest that scientific tlxought 
has achieved wa^s in liarmoiiy with a truly religious 
spirit. Tn conteinplaliiig these illustrious examjjles, 
and bowing before their greatness, the i>o])u]ctr mind 
will probably find its conviction <»f the possibility of 
an ultimate reconciliation of both as})ects more stimigtli- 
eiied than by leaning on the doubtful su]>pt)rt of a 
voluminous apologetic literature, whicli proixrsos to give 
general proofs where only individual faith can <k*ciile, 
r deemed it appropriate to oflcr thos<i few ivmarks 
on the whole of the voluminous literature^ from 1 hitler 


^ Tho lar/jfesl anti hepii known 
type of publication in thi« of 
literature, which ih practically uii* 
known on the Contiiiout, hutwhidi 
lielongs to our ponoil, is fuuml in 
the Bnclgewator TreatiKe« *‘Un the 
Power, \^'i.s^ltml, and Goodao.s.^ t)f 
(rod, as luunifesjted in the ( Jreation.” 
The circntustanceH under which 
this series was j)ublished are set 
foitii in the preliminary notice to 
the first treatise. The Earl of 
Britlgewater, heir to the title and 
foi'lunc of Francis Egerttm, third 
Karl of Bridgewater, who con- 
structed from Uio plans tjf .iarncs 
J'irindley, anti in accordance w’ith the 
itlea of his father, Lord Ohancellor 
Egertou, the fij'.'^t t)f the largt* canals 
in Knglantl, from his coal mines at 
Worslcy to Manchester and Liver* 
pool, left in his will to the Koyal 
Society the biun of XSOOO, which, 


with its accruing interest, was to 
he pnitl l,<* tlie person ov peivfnis 
' selected hy tho President atid aje 
I l>ointe<l to write ami publidi one 
I thousand copies of a work with the 
I uhove title, — “illustrating -trdj 
1 W(»rk hy .ill reasonable arguments, 
ns, for instance, the variety ami 
I t'oririuthm tif God’s crcatuies in 
1 tlie animal, vegetahle, and mineral 
1 kingdoms; the elfeet of digestion, 
i and thereby of conversiou ; tho 
eonstruetion of the lutml of man, 

I and an infinite variety of other 
i argunmirts ; aw aLo hy disetAWes, 
ancient ant! nu idem, in arts, .soitmees, 
and the whole OKtent of literature/’ 
The miew coubdned w<»rkH hy such 
htreuiost rnoij of science us Sir 
Gharle-» Boil, William Whewell, 
Willuiin Prout, and Wiiliam IltJck- 
- knd. 
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Mans el and 
Darwin. 


to Drummond whilst I was dealing with the 'Vestiges/ 
because the latter is probably the last example of that 
class of books in which purely scientific thinkers took 
any great interest. Similar publications which have 
since appeared have made no impression on the course 
of scientific thought, though they may have won a 
place in the popular literature of their day. To bring 
about that complete separation and independence of 
the scientific and the religious arguments in this counti’y 
which has been recognised dinfing the whole of the 
nineteenth century on the Continent, two books have 
probably contributed more than any others : Dean 
Mansel’s Lectures/ ' On the Limits of Eeligious Thought,’ 
through its unanswerable logic : and Darwin’s ' Origin of 
Species/ through treating fearlessly a scientific argu- 
ment which was based upon observation and expanded 
by legitimate inference without any reference to the 
ulterior consequences which might be drawn from it. 
It required some courage to attack a problem beset 
with such ditficulties and which had become hackne}'ed 


^ It H a remarkable coincidence, 
showing the general tendencies of 
English thought about the middle 
of the century, that Dean Mansel’s 
Bamptcm Lectures ” appealed 
just a year before the * Origin of 
Species.' The argument of the 
Lectures "On the Limits of Re- 
ligious Thought” was that which 
was elaborated by Sir William 
Hamilton on the lines of Kant’s 
‘Oritiipio of Pure Reason’ in his 
celebrated article in the ‘ Edinburgh 
Review ’ on the “ Philosophy of the 
Unconditioned.” A further ap- 
preciitioii of this line of reasoning, 
’svhich had its begin ning in Hume’s 
sceptical writings a huiuh-ed years 


previously, belong to a ditYerent 
aectiou of this ' Histoiy. ’ We shall 
there see that in the negative por- 
tion of this analysis lie also I he 
germs of the ideas put forwarrl by 
Herbert Spencer and Huxley under 
the well-known terms of the 
“ Unknowable ” and “Agnosticism,” 
and there is no doubt that both 
Hamilton and JUan&el had a etui- 
siderabie influences in forming 
Huxley’s attitude in this respect. 
He says, in 186J? p Life,’ vol. i. p. 
242) ; '■* I believe in Haniiltmi, 
Mansel, .and Herbert Spencer .'•o 
long as they are destructive, and 
I laugh at their beanls as soon as 
they try to spin their own cobwebs.” 
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tlirougli periodical and popular literature. Others who, 
before Darwin, treated similar controversial subjects, such 
as Whewell, Babbage, Herseliel, Lyel], Baden Powell, 
and the author of tlje ‘ A^estiges/ had always taken 
into account the possible inferences which might be 
drawn from their scientific statements, and had often- 
times toned them down so as not to offend existing 
opinions.^ Darwin thought it more modest and more 
becoming for an independent scientific thinker to state 
his side of the question completely and simply, without 
presuming to attack or to support a view of things 
which lay outside of the dominion and the ])i)wers of 
science. And this is not the least of the luauy reas<jns 
wliy his work has created an era, especially in this 


‘ The adopted by wivoral 

of the eminent forerunners of Dar- 
win la intevofetingly analysed by 
Huxley in the chapter on the “ Re- 
ception of the ‘ Origin of Species 
contributed to the second volume 
of the * Life and Letters of Charles 
Darwin/ Of Lyell, who had come 
nearest to the doctrine of unbroken 
descent of species, Huxley say»s 
(voh ii. ]i, ll^Ji) : “I see no rewon 
to doubt that if Sir Charles Lyell 
could have avoided the inevitable 
corollary of the pithecoid <jrigin of 
mail -“-fur which to the end of his 
life he entertame<l a profound 
aiiti})athy he would have advo- 
cated the etficiency of causes now 
in operation to bring about the 
cumlitinu of the organic world, as 
stoutly as he cbaiapioned that 
dootrinc in reforein^e to inorganic 
nature.” And Lyell liiruseJf wrcite 
to Darwin in (* Life of LyoU,* 
vo], in p. 5365) ; I reinoiuber that 
it was the conclusion he [Lamarckj 
came to about man that fortified 
me thirty years ago against iho 
great impression wliich his argu* 


nionts at first made on iny niuitl/^ 
Treviranurt, the author of the 
‘ lliologio,’ the contempf>rary of 
Lamarck, was quite consistent in 
his views of dew‘ent and mutabiP 
ity, for he declares against catas- 
trophisni, believeH in the evolution 
of higher s)»ecieHtVom the xo()phytes, 
and oven in that of a higher species 
than man (se(» ‘ Biologic,’ vol. ii. 
p. kiu) Neither in Germany 
nor in France, at the beginning of 
the century, did thi»se ]>rejudioes 
exist which in LS5U prevented eveti 
Darwin from developing to the full 
the conwtup4euf‘CH of his main thesis. 
Thin was done in his later works. 
iSf'O hirf letter to A. K. Wallace, 
22rid Dec. 1857 (‘Life,’ il p, 
10b) : Ym ahk whether I shall 
discuKS * man. * 1 think 1 shall 

avoid the whole subject, as so sur- 
rounded with prejuilices ; though 
I fully admit that it is the highest 
and most interesting problem for 
the naturalist. My wt>rk, on which 
T have now boon at work more or 
less for twenty years, will not fix 
or settle anything,’* 
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coimtiy, not only in the region of scientific, but cjuite 
as much in that of philosophical, thought. 

29 . So far as the purely scientific aspect is concerned, the 

thfSnetuf ‘ Origin of Species ’ firmly established the genetic or 

view. . 

developmental in the place of the morphological view, or 
the earlier purely systematic and classificatory treatment 
of the objects and processes of nature ; and it is interest- 
ing to note how the period from the publication of the 
'Vestiges’ to that of the ' Origin of Species,’ the fifteen 
years from 1844 to 1859, was also the period during 
which Humboldt published his 'Kosmos’ — the 
of the labours of a lifetime. This was the consumma- 
tion of that aspect of nature which I have termed the 
purely morphological one, and which in his mind was 
expanded to the panoramic view : the attempt to unroll 
before his readers a picture or panorama of the whole 
world as the scientific mind was then able to see it. 
Nature appeared mapped out in bold and characteristic 
lines and colours, without allowing the questions of past 
history or future development, — the origin, life, and 
fate of the cosmos, — to present itself at all. The fact 
that this latter question was professedly excluded as 
foreign, or premature, is probably the reason why tlie 
book attracted so little attention in this country, where 
a new manner of treating all the problems of natural 
science was being inaugurated ; but it is interesting to 
learn from Darwin that his whole life was induenced^ 


^ See ‘ Life Letters of Charles 
Darwm,’ vol. i. p. 25 : “ During my 
labt year at Cambridge 1 read with 
care and profound interest Hum- 
boldt’s ‘ Personal Narrative. * This 
work, and Sir J. HerschePs * Intro- 


duction to the Study of Natural 
Philosophy,’ stirred up in mo a 
burning zeal to add even the most 
humble contribution to the noble 
structure of natural science. No 
one or a dozen other books iniiu- 
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and his studies directed by reading and re-3‘eading 
Humboldt's ' l^ersonal Xarrative. ' The ' Kosmos ' of 
Humboldt closed tlie older, the ' Origin of Species ' 
of Darwin opened the new, epocli of natural science: 
the former was retrospective, the latter prospective. 
Both works owe their origin to a visit to the same 
portion of the globe, to a study of the subtroj^ical scenery 
and life of South America — Humboldt having visited 
the inland, Darwin specially the nuiritimc and island 


sceneryd It is further of 

enced me nearly so much as these 
two* 1 copied out. fi*om Humboldt 
long passages about I’enerifTe,"’' &c. 
Also vol. i. p. 337 : *'1 never 
forget that my whole course of life 
is due to having read and re-read 
as a youth Humboldt’s ‘ Personal 
Narrative.’ ” 

^ Besides Darwin and Lyell, tu 
whom, of British naturalists as rop- 
resentiiig tlie genetic view in the 
middle of the century, i have so 
far confined my remarks, there were 
at that time two other emuient men 
working in the same direction. Tlie 
views of these two were likewise 
much iiiliuem’od hy travel and by 
the study of plant and animal life 
in distant countries. I refer toHir 
J. }>. Hooker and Mr A. Knssel 
Wallace. im portant part whiidi 
these men played in the gradual 
conception and )»irtU of the ideuHi 
which were for the first t.hne com- 
prehensively set fortli in the ‘Origin 
ot ►Spetiies’ is lucidly and imparti- 
ally told by Huxley hi the well- 
known chapter which lie cjon- 
tributed to the second volume of 
the ‘ ijife and Letters of OliarleR 
Darwin, ’edited by las son, IViifeasor 
Francis Darwiii, in li^<S7. Few 
episodes in the history of thought 
have ]»een treated "with greater, 
mastery. I’ew botanists have 


interest to note how the 


posRe.sscd a greater jier^onal know- 
ledge of diffenoit .ind gi eatly vary- 
ing lioras than Sir .1. Ik Hooker, 
■wiio succeeiled to the jiti.-ition and 
labours of his father, Sir SV. *1. 
lh»okcr, at Kew. After having 
accompauied Captain Boss on his 
AnUirciic expedition for the dis- 
cewery of the South magnetic pole, 
he became best known by his 
‘Himalayan Journal’ (ISS'l). It 
w’as in constant corre.spoudeiice 
and intercourse with Hooker that 
Darwin, from 1^44 to 1851*, wrote 
his firs t great woi k. Tl lo imjand jutt 
original wmtribut ions of Mr Wal- 
lace are well known, un<{ the sti»ry 
how his paper, *M)n the Tendency 
of Varieties to depart indofinitely 
from tlie Original Tyj[)e,’' reached 
Darwin wlam he liad got half 
through the larger work which he 
was then writing, how this coinci- 
dence haht,cne<l the publication of 
the two papers by Wbdkioe and 
Darwin, which “ cfnitained oxac.tly 
the same theory,” In the ‘Journal 
of the Liumt'an Society ’ (Zof Jogy, 
vol. Ui. p, 45), has heeu told by 
I^yell and Hooker (ibid., letter la 
the secretary), and by Darwin him- 
self (Autobiography, in ‘Life,’ itti., 
vol, u p. 3*1), No mystery Ui‘s 
upim the history of the first cmini- 
elation td* the doctrine of natural 


30 . 

‘ Komuus 
anil the 
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same year which witnessed the appearance of the work 
of Darwin was also that of the invention of Spectrum 
Analysis, that great instrument by which astronomy, 
doomed by the purely mathematical treatment to be- 
come simply “ uiie question d’analyse,” was once more 
enrolled among the natural sciences ; the means being 
supplied for that natural history of the heavens which is 
now one of the most progressive and fascinating branches 
of science. The reader who has realised from the fore- 
going exposition how the genetic view of nature was 
anticipated by earlier writers on cosmology, such as 
Leibniz and Laplace, how it obtained in geology through 
Hutton and Lyell, how it became dominant in embryo- 
logy through von Baer, and how the morphological 
treatment broke down through the recognition of tlie 
variability of species and the impossibility of defining 
clearly the landmarks of zoological and botanical classi- 
fication, will readily understand the importance and 
timeliness^ of Darwin’s work, which proposed to deal 


selection, no national or personal 
jealousies obscure the issues which 
w^ere then at stake ; neither of the 
two great naturalists has ever put 
foi’warcl any complaint that the 
other has not fairly and generously- 
dealt with his own merit. Since 
the death of Darwin Mr Wallace 
has written the well-known book 
which, under the title of ‘ Darwin- 
ism’ (London, 1889), gave to many 
readers the first comprehensive 
account of the celebrated theory 
which is generously identified with 
the sole name of only one of its 
original propounders. 

^ Both propounders of the theory 
of natural selection have in their 
subsequent writings referred to 
those who prepared the way be- 


fore them, and Mr Wallace has 
taken special pains to expkiin why 
a doctrine which was so M'ell pre- 
pared, and even anticipated, had 
not been more distinctly accepted 
before the appearance of the ‘ Origin 
of Species’ (“Darwinism,” chap, i .) ; 
“Notwithstanding the vast know- 
ledge and ingenious reasoning of 
Lamarck, and the more general 
exposition of the subject by the 
author of the ^ Vestiges of Creation,’ 
the first step had not been taken 
towards a satisfactory explanation 
of the derivation of any one species 
from any other. Such eminent 
naturalists as Geofiroy St Hilaire, 
Dean Herbert, Profet-sor Grant, 
von Buell, and some others, had 
expressed their belief that species 
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Specially with the actual fact and the function of varia- 
thm in the domain of living beings. He pushed the 
probloin of variation and variability into the foreground, 
and discussed one of its main features — viz., its possible 
eflect and results. Since his time the eye of every 
botanist, every zoologist, and every embryologist has 
])een directed to\vards the variability, transition, and 
genesis of forms, to their history rather than to their 
portraiture, whereas before him it was nuhstly attracted 
hy their seeming Jixity an<l recurrence. Variations ha.ve 
1)een studied on the laxgo and on the minute scale in 
geological strata at homo and ahroail, and the vexed 
question lias been raised as to their causes and laws, — 
l)arwin having been mainly occujncd with tlxoir existence 
and operation, the results which they brought about, the 
gradual alterations of the forms of living things. On 
this side he tells us that lie found an importaut clue 
through invading a liook which had appeared at the very 
end of the eightiuinth century, Malthus’s ‘Essay on the 
Triiiriple of Pojmlatioa.’ ' 


as siiu}>le vuj’iVtiort, aial that 
of eucli geuUH wern all 
d(>>c<jiiUoU from utionimou imeostor ; 
Uut none uf ihem jjjave a clue an 
the lisv or the mctiiud })y which 
the chun^ic hiid Thiw 

was still ‘the j'rcat uiyBtery*” {{u 
(j). Darwin, by bin discovery of 
the law of natural Koloetion and hw 
deinouHtmtioii i»f thegn-at nriuci|de 
of the nrescrvatiioij of us^eful vai*ia« 
tiouH ill the HtrUK^le for life, ban 
not fuily tUr<>wn a iloud of light ou 
the |»rocewH of dovedojaurntt of the 
whole ort?anie world, hut apo estab- 
lished a lino ftmmlation for all 
future study of nature'* (p. 50* 

^ This may appeared ilrst hi 


17bS, and in the enlarwed and much 
jmpr(»v<*d form hi which it is now 
Icnown ill 1S<J3. iiurwin seems to 
have come upon it accidentally. I u 
his Autuhiu^'vaphy Life,' vol. i. 
p. HJ}) lie writes : “ In (Jrtober ISilB 
— that is, tiftcen months after! h»d 
h<*guu my hyst(*matic inquiry — I 
happened to read for amuseirnmt 
‘ ^hdihuH on Population/ aiul launj^ 
well prepared to apprcciat<j the 
struggle lor oijistence which every - 
whei’t} goes on, frruu long-continued 
obsorvatioii of the habits of animals 
and plants, it at once struck me 
that under these oircumstamjes 
favourable variations would teml 
to be preserved, and unfavounthlo 
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The ideas and reflections contained in this eeleLrated 
essay, which has played a prominent part in the philo- 
sophical literature of economics, could not have occurred 
to any one who had studied human society or nature 
merely in individual specimens or isolated cases; for 
they referred not so much to the natural history of a 
single being, as to the peculiar relations and complica- 
tions which arise in a community or society of beings, 
some of these being applicable quite as much to animal 
and plant life as to the life of men. In fact, it was a 
chapter in the science of bionomics. Malthus, Darwin, 
and Wallace were not “ laboratory naturalists, to whom 
the peculiarities and distinction of species, as such, their 
distribution and their affinities, have little interest as 
compared with the problems of histology and embryo- 
logy, of physiology and morphology.” ^ The problem of 
population, whether it refers to man or other living 
creatures, is one that will force itself upon those who 
study nature and mankind on the large, on the outdoor, 
scale, not as does the collector or dissector of specimens. 
How has the face of the earth been peopled by plants, 
animals, and human beings ? What are the forces which 


ones to be destroyed. The result 
of this would be the formation of 
new species. Here, then, I had 
at last got a theory by which to 
work,” &o. Prof. Haeckel, in bis 
‘History of Creation,' has dwell 
exhaustively on this connection of 
Darwin with Malthus, quoting a 
letter of Darwin’s to him, dated 8th 
October 1864, in which he says that 
for years he could not comprehend 
how any form should be so emi- 
nently adapted to its special con- 
ditions of life, but that when 
through good fortune Malthus’s 


book on Population came into hifc 
hands, the idea of natural selection 
came into his mind (‘ ScUnpfungs- 
gesch.,* chap, vi.) In the first 
paper which Darwin published in 
the ‘Journal of the Linmcaii 
Society’ (“Letter to Asa Gray,'’ 
vol. iii. p. 51), he uses the term 
“ Natural Selection,” and refers in 
the abstract which he there givo^ 
to Malthus ; whereas Wallace fibid., 
p. 5 6) introduces the term ‘‘Struggle 
for Existence,” 

^ Quoted from Wallace, ‘X)ar- 
winism,’ preface, p. vi. 
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ensure the luultiplieatioii, what are those wliich check 
the increase, of pojnilation ^ xVs all thinp^s are 

dependent on each oilier, foriuing the great household or 
economy of nature or the siualler one of human society, 
a certain iuljustment must exist liy which a detinite place 
and part are allotted to every iiulividtual and to every 
class of individuals. Malthus had studied the problem 
from a political p(nut (»f view. Here it was felt to be 
of human and social importance, hnt ins ])rinciple was 
applicable to all living creatures. Fur every wherti, even 
in th(* remohist and only ree(3ntly discovered countries, 
we see at work tlnj luxurumt and j^roductive powers of 
nature (Ui the oiui side, on the other side tlie many 
(lijlicnlti(‘,s and o])sta,c]es by wdiicli they ai'c forcibly juid 
automati(‘ally ke]>t in clujck, rcKSulting in the evor-recur- 
riiig s]»ectacIo of a “struggle for existence.’' il’ho more 
we ]»enetra.te- int«) the hidden and remohjr jirovinces of 
nature, into tlie luxuriant “fauna and llora" of tropical 
regions, or realise the euormouH ]»opnlation among the 
lowei forms of life, the more the cemvictiou forces itself 
upon us lliat the apparent e(|uilibrinm is only maintained 
by the pheiKUuenon of “(U’owdiiig out” on a scale (tom- 
pared wit.h which the spoctacle unfolded by Maltluis in 
his special application to human societies is quite a minia- 
ture display, iliis laoccssof “cJWiliug out” must have 
been iit work during the untold agess which modern 
geology has made known to us, and the effects of it 
must iiuleed have been extraordinary, and well worthy 
of study. That living beings, if left to their natural 
instincts, multi]>ly at an enormous rate, and would, 
except for certain automatic checks, in a very short time 


loi* 
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Outdoor 

studios. 


people the whole habitable portion of the globe, is a 
fact which has only been realised since Malthus, and, 
on a much larger and more general scale, Darwin and 
Wallace have drawn attention to it} This being 
generally admitted, the questions arise : What are these 
automatic checks, and what results do they produce ? 
It is evidently quite a new line of reasoning, unknown 
to former naturalists, oi only sporadically and fragnieiit- 
arily pursued by them; but it introduces us at once 
into nature itself, away from the class-room and the 
museum, where we hear of the forces and laws of nature 
in their abstract mathematical development, or where we 
behold specimens arranged peacefully and lifelessly side by 
side. We are face to face with the fierce and continuous 
conflict which is unceasingly going on around us, and 
realise the endless changes which it must be producing. 

Among the many influences which the Darwinian 
view has had in opposite directions on the thought of 
our age, none is greater or more fundamental than 
this, that whereas before Darwin naturalists ste]>])ed 


On the x^ablication of the 
‘Origin of Species,’ Darwin re- 
ceived many letters pointing out 
earlier anticipations of his views. 
The more important of these— -bear- 
ing upon descent and change — have 
been referred to in the present 
chapter. The special principle of 
natural selectioix seems to have 
been already foreseen by Dr Wells 
in 1813, and published in his 
famous ‘ Two Essays upon Dew and 
Single Vision’ in 1818. “In this 
paper he distinctly recognises the 
principle of natural selection, and 
this is the first recognition which 
has been indicated” (‘Origin of 


Species,’ historical sketch to later 
editions). Another anticipation was 
that of Patrick Matthew in 1833, in 
his work on ‘ Naval Timber and 
Arboriculture.’ “ Unfortunately 
the view was given very briefly in 
scattered passages in an appendix 
to a work on a different subject, so 
that it remained unnoticed until 
Mr Matthew himself drew atten- 
tion to it in the ‘ Gardeners’ 
Chronicle’ on April 7, 1860. . . . 
He clearly saw the full force of the 
principle of natural selection ” 
{loo. cit, p, xvi). Neither of 
these writings was known to 
Darwin in 1869. 
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out of floors only from curiosity, and in search of new 
specimens, prompted by the love of travel and adven- 
ture, or as companions to coinmercial and colonising ex- 
peditions, they are now forced to do so, because one of 
the greatest agencies in nature — '' the struggle fur ex- 
istence ” — can only ]>c studied in nature herself. Before 
Darwin the study ol nature was artificial; through his 
influence it lias become natural. FrtJiu the point of 
view of the history of thought, this is surely a- much 
greater result than any of the several theories or special 
arguments which are connected witli his name, lliese 
are indeed numerous, eacli making, as it wei’e, a dis- 
tinctly new departuio in scientific reasoning, character- 
ised by that unmistakable sign ^ of all tliat is regally 
novel ill the realm of thought, the creation of a new 
vocabulary of distinct terms and phrases. A^urietics 
were known to botanists before Darwin, but who studicil 
variation and varialiility ” f or who spoke of the 
'^divergence of character Breeders of stock and 
pigeon-fanciers kn(3W what “selection” meant, hnt the 


^ The late Cottrell 

WatHcm, auHior of the MJyhcle 
Britannica^ — one of a most valuable 
series of works (Ui the to}»ograj)hy 
and geographical distinbuthm of 
the plants of the BriUsh Lslamls — 
wrote to Darwin shortly after the 
]»ublication of the * Origin of 
Species/ 2Ist November 1859 ; 
‘*I am teniptetl to write you the 
first i m press iotis, not (loubting that 
they will, in the niuin, be the 
permanent itnpreH.siaiiH, Vour load- 
ing idea will assuretUy become 
recognised as an established truth 
in science— * Natural Selection/ 
It l»«j the ciiaracteritttics of all 
great natural truths, clarifying 


wdiat was obseure, siijiplifying what 
was iutrieate, adding greatly to 
ju'oviourt knowledge. Vou are tlui 
greatest rovfilutit)nist in natural 
history of this century, if not of 
all ceuturieH. . . . Nhav these 
novel views are brought fairly be- 
f(*ro the stiientiiic public, it seem.s 
truly remarkable how so many oi 
them could have failed to see their 
right rotul Hf*f>nor» How c<mld Bir 
C. TyeJl, for instance, for thirty 
years read, write, and think on the 
subject of species atul thnr mm-n- 
mn, and yet etmstontly look down 
the wrong road?” (^Life of Dar- 
win, * voL i. p. 3r>2, and vol ii. p» 

*m) 
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35 . terms “ natural selection ” and sexual selection ap- 

anr^^eluai ^^r the first time in Darwin’s writings. The 

selection, “struggle foi existcuce/’ and the resulting survival of 

the fittest ” individuals, represent definite processes always 
going on consciously or unconsciously in nature and in 
human society ; nor is it less significant that many other 
phrases have been coined, by which the same idea has been 
made useful in other domains of research. Hybrids,” 
“ mongrels,” rudimentary organs,” and “ monstrous ” 
developments, which in earlier times were subjects of 
mere curiosity, have been raised to scientific importance 
as indicative of the concealed and mysterious agencies 
by which natural forms are altered or maintained, and 
natural processes encouraged or checked. “Environ- 
ment ” and “ adaptation ” open out great vistas of in- 
quiry, whilst nearly all those different lines of search 
and of reasoning have latterly become centred in the 
great problem of “ heredity ” — the central question of 
biological science. In addition to these, the older 
terms of the naturalists and anatomists have received 
new interpretations. It has been shown by Darwin 
himself how the vague endeavours of system-makers, 
since Linnseus, after a “ natural ” as distinguished from 

36 , a merely “artificial system of classification” of livina; 

Meanms^ of , . , ^ 

X”iioo- implied “ something more ” than mere reseni- 

hlanee, and that this something more is “propinquity 
of descent — the only known cause of the similarity 
of organic beings — it being the bond, hidden by various 
degrees of modification, which is partially revealed to 
us by our classifications.”^ In the light afforded by 


^ ‘ Origin of Species,’ lafc ed., p, 413. 
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this idea, the whole work of classification has since 
Darwin’s time been taken up anew ; and though it is 
probably premature to fix upon any elaborate scheme 
as likely to afibrd a correct view of the main lines 
of descent in the two great realms of animal and 
plant life, single pedigrees, such as those of the rhino- 
ceros and the horse, have, with the assistance of the 


geological record, been successfully worked out, the 
missing links having unexpectedly turned upd 

In addition to this great service of directing the 
glance of the naturalist outside, and of helping to ovei*- 
come tlie bewildering efiects which tlic aspect of nature 


must produce on every one who is not prepared for 
research by some definite aim and a distinct ha])Lt of 
reasoning, the Darwinian spirit has further pV^yod its 
usefulness hy the great increaso of our 


the things and phenomena 

i ‘‘ It i*. certiiin that, hofore 
the theory of descent was accepted 
or even clihcussed, geiiealogicfil tree« 
were used to rejiresent pOHsihlc 
relationships among human racOH, 

<)i po^isihh* afUnities auumg anhnaLs. 

It was as a ‘ graplne ’ way of 
expressing classification, and was ■ 
true juHt in proportion as tluj j 
olassitieaiion w'as true. The uat- ' 
uraliftt traveller, Teter Fallas, w.a.s i 
one of the first to use it to express i 
aftinities among animals, though 1 
it is possible lie saw a deeper j 
meauxug in his symbol. But when i 
the theory of descent took hold I 
on men’s minds, the gonoaif>gical ! 
tree became more than a graphic 
register of affmities, — it was used 
to express the supposed facts of 
descent. To Ernst Haeckel be- 
longs the credit, or, as some eriticH 
would say, the respunsibility, of i 

VOL. ir. 


of nature which has r-deen 

c 

introducing the use of genealog'^ 'al 
trees into j^oology and hoping . 
In his ‘Generelle Morphologic’’ 
(I860) and in his * Srhopfuiigs- 
gesehichte’ (1868, 9th ed, 1897), 
ho displayed numerous genealogical 
trees designed to show the descent 
of various stocks and typos of ani- 
mals and plants. There* can bo 
no doubt that in so df>ing he 
focussed the idea of descent into 
vividness, and, hy the very defmite- 
no.ssof the notation, foree<l natural- 
ists t<» a crititiiftm of the reality 
of the KUfjposcd Hues of descent. 
Prof. L. von Graff says of HaeckePa 
SStfunmbiiume/ *1’here m due to 
them the immortal credit of having 
given the first impetus to tlie 
grand j*evolution in the animal 
morphology of the last decades^” 
(J. A. Thomson, ‘The Science of 
Life/ 1899, i>, 15). 

y 
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place since the publication of Darwin’s works, by the 
industry of friend and foe, with the object of prov- 
ing or of disproving and modifying Darwin’s theories. 
Whole chapters, such as those referring to the fer- 
87 . tilisation of plants through insects, to the part which 

Fertilisation 7 ® ^ 

colour plays in the world of flowers or in the plumage 
of birds and in the wings of butterflies and moths, 
have been added to our handbooks of natural history ; ^ 


^ Two remarkable instances may 
be mentioned It was known to 
Christ. Conrad Sprengel that many 
flowers are “ dichogamous — i.e., 
that though the organs for self- 
fertilisation exist ill the same flower, 
ne-vertheless, because of a want of 
timekeeping or for other reasons, 
pollination is clone by crossing, 
wherein the visits of insects are m- 
stru menial through elaborate exist- 
ing aiTf ,^ements. “ Variously col- 
oured/ ]jOts serve as honey-guides 
and --thfinders to the exploring 
insert, hairs protect the nectar 
fro;^4 rain and yet offer no obstacle 
to lesirable visitors, other arrange- 
nr‘3nts secure that the insects are 
^vusted with pollen (J. A. Thom- 
son, ‘ The Science of Life,’ p. 192). 
Sprengel published his observations 
in a remarkable book (1793) with 
the title ‘ The Secret of Nature 
discovered in the Structure and 
Fertilisation of Flowers.’ Such 
was the enthusiasm of this true 
naturalist, that he, “after being 
ejected from the rectorate of Span- 
dau for neglecting his flock in 
favour of flowers, settled down to 
a frugal life in Berlin, and gave 
lessoxas in languages and botany. 
The commonest plant became new 
by what he had to say about it; 
a hair, a spot, gave him oppor- 
tunity for questions, ideas, investi- 
gations (ibid., p, 191). Sachs 
(‘Gesch.,’ p. 449) considers Spren- 
gel’s little work to contain “the 


first attempt to explain the genesis 
of organic forms out of definite 
relations to their environment.” 
For sixty years this bionomical 
classic was forgotten. Daiwin in 
1841 heard of it through Robert 
Brown, who, according to Dr Gray 
(‘Nature,’ 1874, p. 80), “in com- 
mon with the rest of the world, 
looked on Spreiigel’s ideas as fan- 
tastic.” The book impressed Dar- 
win, who in 1837 had written in 
his notebook ; “Do not plants 
winch have male and female organs 
together, yet receive influence from 
other plants as being “full of 
truth.” (See ‘ Life of Darwun, ’ vol. 
i. p. 90 ; vol. iii, p. 257. ) Tlie other 
important research which has been 
much stimulated by the two great 
propounders of Darwinism, is the 
study of the meaning of colours 
in plants and animals and the allied 
subject of “Mimicry.” “It is 
the wonderful individuality of the 
colours of animals and plants that 
attracts our attention — the fact 
that the colours are localised in 
definite patterns, sometimes in 
accordance with structural char- 
acters, sometimes altogether in- 
dependent of them, while often 
differing in the most striking 
and fantastic maimer in allied 
species. We are thus compelled to 
look upon colour not merely as a 
physical but also as a biological 
characteristic, which has been dif- 
ferentiated and specialised by 
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the older division of zoology and botany lia\'ing to a 
large extent been removed by a .study of the inter- 
dependence of the many forms of living things and 
their connection with peculiarities of climate and soil. 
The Darwinian attitude to the study of natural objects 
has also introduced into the natural .sciences the e.xact 


spirit of research, — accurate measurements, together with 
elaborate countings, behig resorted to in order to decide 
the range of variability of specie.s, the rate of increase 
in numbers, and the proportion of the surviving to the 
lost or wasted specimens. A large amount of .statistical 
information^ has thus been accumulated, and natural 
history is becoming to some extent an exact .science. 
That it will ever be .so to a very large extent i<s doubt- 
ful: it is one of the great merits of Darwin that" be has 
introduced a special metlmd into tlie sciences of nati'j-'C — 
the method of a judicious balancing of evidence. ''JTe 
was fully ■' aware that scarcely a single point was u?.<- 
cussed in his works on which facts cannot he adduced! 
often apparently loading to conelu.sions directly opposite 
to those at which ho arrived, and that a fair result can be 
obtained only by fully stating and halaucing the facts 


natural Helociiou, and inuat, there* 
fore, find its cx])l«inatiun in the 
principle ol jidaptatiftii or utility 
nrallace, ‘ l)arwhu8in/ ]), 18}^), 
The terui Mimicry^’ whk fir^fc 
introduced hy H, \V, Baten in hia 
paper on “ Mimetic i^utterilieH/' 
read before the Limiscan 8oc., Nov. 

and hailed by }:)ar\vin (‘ Life,’ 
vol. ii, p. 392) ns ‘*ono of the most 
remarkable and admirable papers ” 
he ever read, The Bubject liad 
been passed over in the drat editions 
of the ‘ Origin/ but was introduced 
in later editions, and has always 


served ns one of the numt valtuible 
illustiuticms and profifjt of the 
theory of natural hclectiou. TliC 
whole matter is admirably cx* 
pouinled by Mr Wallace in his 
long article in the ‘ \ye8tminster 
lie view/ July ISO 7, reprinted in 
his ‘ ContributionB to tlie Theory 
of Natural Helectiou ’ (1370, pp, ‘lO- 
129), and again in * Darwinisnn ’ 

^ ^ On the development of Rtatis- 
tical inothodB in the serviae of the 
theory of evolution, see chap. xii. 
below. 
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and arguments on both sides of each question,” ^ It is 
quite a different process of investigation and method of 
thought from that which the abstract sciences use, where 
every agency is first considered in its isolated action and 
mathematically calculated, and a complex effect is rightly 
looked upon as merely the resultant of specific, well- 
defined forces, compounded according to rigid dynamical 
formulaB. That the whole of nature, as well as all 
observable phenomena, are in reality only the result of 
such a composition of definite simple actions, and can be 
studied as such, may be quite correct; but that this 
method, however useful in isolated cases, and especially 
however fruitful in the application to artificial mechanisms, 
will lead to a just comprehension of any large 

clustq?0bf phenomena, or to an appreciation of the totality 
of thugs which surrounds us, must be evident to any one 
who at once appreciates the rigidity and universality of 
nj^'ichematical calculations, and sees how soon they fail to 
become of practical use when we attempt to attack any 
""complex problem through them. Now, all processes in 
nature herself, as distinguished from the laboratory, are 
eminently complex, and far transcend the powers and 
grasp of the mathematical calculus, so far as the human 
mind is able to employ it. In fact, the outdoor 
naturalist must attack the problem of nature and life 
by quite a different method : he must, like a judge, con- 
front and appreciate the evidence of many witnesses 
who are speaking on all sides to him, and he must, 
with an open and unbiassed mind, judiciously eomlune 
such evidence in the sentences which he passes or the 

^ * Ongm of Species,’ Isfc eel., p. 2* 
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generalisations which lie attempts. Absolute mathe- 
matical certainty is almost unknown in such cases : they 
can only be made out with more nr less clearness and 
probability. 

It seems to me that the new phase into which scientific 
thought has entered, mainly through the iniliience of 
Darwin, has not been sufficiently appreciated by those of 
his critics who have compared his methods with those of 
earlier philosophers and naturalists, Darwin has been 
called by some the Newton of the natural sciences,^ nnd 


again by others his method 
trasted with that of Newton 

^ It IS in many in&taiiccH nuly 
a fiii^on cle parlcr. Maxwell Biiui- 
larly called Am])ero the Newton of , 
Klectrodynamics ; and YouJig haH j 
been called the Newton of 0])tics. 
Mr Wallace says (‘Darwinism,’ p. 

$) : “ AVe claim for Darwin that he 
is the Newton of natural history*, 
and that, just so surely as that the 
discovery <in(l demonstration 
Newton of the law of gravitation 
established order in place (ff chaos, 
and laid a sure foundation for all 
future study of the starry heavens, 
so surely has Darwin, by his dis- 
covery of tlie law of natural selec- 
tion and his den ions tratioii of the 
great principle of the preservation 
of useful variations in the struggle 
for life, not only thrown a Hood of 
light on the process of development 
of the whole f>rganic worlds but also 
•established a firm foundation for all 
future study of nature.*’ 

^ The most important publica- 
tion of this Icintl is the late Pro- 
fessor Albert Wigand*s work, in 
three volumes, ‘ Dor Darwiuisnms 
und die Naturforschung New'ttnXB 
uud Cuvier’s* (Braunschweig, 1H74- 
1877). The author signiHcantly i 
elasseB Humboldt also among those i 


luiK been UTifavoiu’a.1 dy eou- 
aml Cuvieir Some of 

wlio belong to that peiiod and 
school of research whicli hats — un- 
fortunately, in his Opinion— bf^eij 
superseded by the inodfni) genetic 
treatment (see voh hi. p. 14). It is 
not likely that a perusal of these 
volumes will, in the mind of the 
reader, change the c'urrent of 
thought w'hich xh now, even more 
than twenty-live years ago, running 
m genetic lines, nor will it flo any- 
thing towards diminishing the sense 
of nnpoitance which attaches to 
this iiKKlern movement. Never- 
theless, the book is valuable us 
giving a very complete rmiml of 
what was saiil “ pro and con ” I >ar- 
winism during the first fifteen years 
of its existence. It is interesting 
to see what a small part Frencli 
scientific opiniim played during that 
period as to the f/heones of descent 
and mutability of species, which had 
both their origin and their first great 
exponents in France. The book 
does not ftjipear to have had much 
iurtuence in its time, but more 
recently the criticisms of Wigand, 
von Baer, and other writers sefiu 
to receive greater attefition since 
the central biological problems iiavo 
l^eu pushed into the foreground, ( )f 


39 . 

Harwm and 

Newton 

eoniparod. 
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comparisons refer to the law of natural selection,” 
which is placed in ^jarallel with Newton’s law of 
“ universal gravity.” Now, although “ natural selec- 
tion,” the automatic process which ensures the survival 
of the fittest and the extinction of the less adaptive 
menihers in a crowd of living beings, is a definite 
formula which allows us to understand and clearly 
define one of the many factors which are at work in 
the development, in the genesis and growth, of living 
lieings, it is only one. It is not a prime mover or force, 
like the force of gravity , it is a check upon the over- 
luxuriance of other existing forces of production and 
ilevelopment. These are only very imperfectly known ; 
whereas Newton not only discovered the '' law of gravita- 
tion,” but also the correct expression for the general and 
all-pervading laws of motion which obtain, even where 
gravitation or any similar force ceases to be a valid con- 
ception. Again, Newton’s greatness does not rest on 
the law of gravitation ” alone, but much more on the 
general foundations of dynamics and natural pliilosophy 
which he has laid. So also Darwin’s greatness is not 
limited to the formula of “ natural selection,” but 
depends on the novel concei>tion which he has intro- 
duced into the study of nature on the large scale and as. 
a whole, viewing it as a scene of conflict and ceaselesa 
development, From this time dates the study of nature 
as a whole ^ in contradistinction to that of natural 


this I .shall treat ia the next chap- 
ter. See also the various writings 
of Hans Driesch, such as * Analyt- 
ische Theorie der organischen Eut- 
wicklung’ (Lexpiiig, 3894); ‘Die 
Biologic als selbstiinclige Grund- 


wiasenschaft (1893), e.speci}Ally p. 7 
of the latter. 

^ Though this was prepared, as. 
Darwin himself points out, by A* 
von Humboldt. 
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objects and processes. The general laws which obtain 
in this great field, and which would correspond to 
ISTewton’s laws of motion — the la\vs of variation and of 
heredity — have not yet been discovered ; but it is again 
Darwin more than any other naturalist who has called 
attention to these prime movers in the living universe* 
He has pushed into the foreground the two great problems 
of “ variation ’’ and “ heredity.” ^ 


^ Danviii in hi.s snbsoc^uent writ- 
ings urged anothei imj’ioi t.int pi'ob- 
lein tu whiuh lie had already m liib 
tii>t aii<l greatest work diawn ]>a'«‘S- 
ing attention This is the agcney 
of “sexual selection.” It occupies 
by far the Jaigor porlion of his 
thinl gieat work, which apiieaied 
in 187i With the title ‘The jbesceiit 
of Alan.ind Selection in llelaLion to 
Sox.’ In tlio introduction he says, 
**Daiing many years it ha>» seemed 
t<j me higldy probable that sexual 
selection has pla^'ed an imtiortant 
part in difiercntiatiug the races of 
man , but in my ‘ Oi igiu of Species ' 
[ fomented myself by merely allud- 
ing to this belief. Wlien 1 came 
to apply this view to man, I found 
it indispensable to treat tlie whole 
subject in full detail. Professor 
Haeckel is the sole aut.hor who, 
since the publication of the ^Origin,’ 
has discussed in his various works, 
in a very able maimer, the subject 
of sexual selection, and has seen its 
full importance.” Tim problem of 
sexual selection ” is introduced in 
the * Origin ’ (p. 87) in the following 
\vords ; Inasmuch as peculiarities 
often appear under domestication 
in one sex, and become hereditarily 
attached to that sex, the same fact 
probably occurs under nature ; and 
if so, natural seloction will foe able 
to modify one sex in its functional 
relations to the other sex, or ixt 
relation to wholly different habits 
of life in the two sexes, as is some- 


I Lillies the ca.>e vMtli in.'-'cets And 
I thih leads mm tu a lew words 
on wliJit I <mU Sexual Selection. 

depends not on a -.tniggle for 
existence, but on a sti ucgle )je- 
tween the m.ih‘> t«»r j)Uhiessif»n of 
the females: llie result is not 
death to the nusucce.vsful <,om 
petit or, hut lew or no olispniig. 
Sexual seh'ctirui is thus ligor- 
ouH than natural .solecMon.*’ A 
great <lciil has been written about 
sexual select nm, and in general it 
may he said that the question be- 
longs to quite a ditierimt category 
from that of natural bfdcction. 
Some of the foremost chain pionv of 
thu latter <1uctrine, notably Mr 
Wallace, nqect. sexual selection as 
unnecf*s>ui-y in the whole scheme. 
The charac,t,eHs tic feature (d natural 
selection Is that it is a purely 
automatic piocess, ilependent on 
overcrowiling, wherea.s in sexual 
selection it becomes much more 
dillicult to see how the process 
works auttimatieally. Nowadays 
the qucHtion of natural selection 
is hardly any longer doubH'uI ; it 
is a fact* Ah to sexual selec- 
tion, Hie HtaiiHtical proofs that 
there is a HUpendmndanee from 
which to choose are still wanting. 
To underataiid sexual selection, 
or even to define it, we need 
to form some conception of the 
roasoii and origin of sexual differ- 
entiation, and this cannot bo ar- 
rived at without a theory of life 


40 . 
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And, besides this, it is well to remember that Kewton 
was condemned by some of his contemporaries on the 
basis of the philosophy of Bacon; Fresnel and Young 
were condemned on the ground of Bacon and Newton 
combined. In like manner the novel line of reasoning 
adopted or largely cultivated by Darwin has been 
attacked as being opposed to Bacon, Newton, and other 
great thinkers before him. In all these cases it is the 
results, and not the theory, of the process of reasoning 
which have justified its continued employment. Without 
attempting to elaborate the parallel too minutely, we 
may say that as Newton created Natural Philosophy 
and took one brilliant step in fixing for all time one of 
the great laws of the material universe, so Darwin has 
founded the study of nature as distinguished from that 
of the objects and processes of nature, and has enunciated 
one of the great factors which obtain in the living 
portion of nature : through him a history of nature, tlie 
genetic view of nature on a large scale as distinguished 
from the older natural history, has for the first time 
became conceivable. The word history indeed suggests 
other analogies. Political history, what we ordinarily 
term history proper, has in the course of our century 
undergone changes and developments similar to those in 
the history of nature. Confined once to a casual, un- 
methodical, uncritical, and incomplete record of isolated 


which, rests on something more 
than the two purely statistical or 
numerical facts of overcrowding 
and of variation— the fact that 
no two individuals are absolutely 
alike. The importance of the 
phenomenon of sex in the economy 
of living nature has been studied, 


and given rise to many theories, 
A very good account of these will 
be found in P, Geddes and J. A. 
Thomson, ‘The Evolution of Sex,’ 
1889. In the following chapter, 
where I deal with the various 
attempts to define “Life,” I shall 
revert to this subject. 
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events or biographies, it has been gradually united and 
organised as a whole, largely through the same judidal 
sifting of manifold evidence and elaboration of critical 
methods of reseai'ch. Of this I liope to ti'eat in a 
different portion of tliis work : here I only wish to 
draw attention to the enlarged aspect, wliich in botli 
instances has, through the same process of development, 
come over our studies. When once we rise from the 
contemplation and examination of details and single facts, 
and grasp the connection and economy of the whole as 
a subject worthy of special attentiojj, we involuntarily in- 
troduce two new elements into our rcsearcli — the element 
of conjecture and the element of speculation. Tlie former 
is needed to fill up the many gaps wdiich wo find in the 
actual records when we wish to string them together into 
a united and intelligible whole ; the latter is the inquiry 
into the general principles winch underlie any and every 
development of the kind we have in view. The creation 
by Darwin of the science and history of nature, as dis- 
tinguished from the science and liistory of natural ob- 
jects and single processes, has been accompanied and 
strengthened by the appearance of conjectural and specu- 
lative attempts ; just as the cultivation of the science 
of general histo3*y has gone hand iu hand with, and 
has been supported by, tbc brilliant results of philo- 
logical conjecture and the philosophy of history.^ Of 


^ In an eloquent paswaj^o ProfesHor 
Pai’ker compares the work of the 
naturalist of to-day with that of 
the philologist. This passage occurs 
in his Memoir on the Fowl (1868), 
and is quoted in his book ^ On the 
Morphology of the 8kuU ’ (by Parker 
and Bettany, London, 1877, p. 862) ; 


Wliilst at work I seemed to my- 
self to have been endeavouring to 
decipher a palimpsest, and one not 
erased and written upon again just 
once but live or six times over. 
Having eratved, as it were, the 
characters of the culminating tyjie 
— those of the gaudy Indian bird 
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these I shall treat elsewhere. It may be a (juestion 
capable of very opposite answers whether the philosophy 
of history, such as it has been oflered in the brilliant 

42 , generalisations of Kant, Herder, Hegel, and Buckle, has 

Philosoplii- , o t • 

cal tiieoiies. really aided the science of history proper ; whereas no 
question can arise as to the indispensable service that 
has been rendered to historians by the criticism and 
conjectural emendation of texts and other monuments 
of antiquity. With Darwinism the matter stands dif- 
ferently : no person who peruses the great and increasing 
literature of the subject can deny the enormous assist- 
ance which the philosophical ideas of evolution have 
rendered to the cause of Darwinism — how the latter, 
when it appeared, found ready made, though then only 
slightly appreciated, the philosophical canons and terms 
which were so well fitted to its systematic enunciation 

43. and literary mi scbie. Tins was the independent 

Spencer. work of Mr Herbert Spencer.^ The otlier well-known 


— I seemed to be among the sombre 
grouse ; aud then, towards incuba- 
tion, the characters of the sand- 
grouse and hemipod stood out be- 
fore me. Rubbing these away in 
my downward work, the form of 
the tiuamou looked me in the face ; 
then the aberrant ostrich seemed to 
be described in large archaic char- 
acters ; a little while and these 
faded into what could just be read 
off as pertaining to the sea-turtle ; 
whilst underlying the whole the 
fish in its simplest myxinoid form 
could be traced in m<jrphological 
hieroglyphics ” 

^ The part and position which 
belongs to Mr Herbert Spencer in 
the history of evolution as a scien- 
tific doctrine has not yet received 
due attention or adequate recogni- 


tion. There is, however, no doubt 
that the principal features of the 
genetic view of natural phenomena 
were clearly before his mind as 
early as 1852, when he wrote his 
short essay on “ The Development 
Hypothesis ” in * The Leader,’ re- 
published in the first volume of his 
‘Collected Essays.’ It has been 
pointed out by Romanes (‘ Darwin 
and After Darwin,’ vol. i. p. 257) 
that though the attempts towards 
a genetic conception of organic 
nature were numerous, if not 
abundant, before Darwin, yet this 
view only broke through and be- 
came dominant on the appearance 
of the theory of natural selection. 
He says : “ If we may estimate the 
importance of an idea by the change 
of thought which it effects, this 
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name which is so freij^uently associated with J3ai\viii, 
especialk lu Germany, is that of Professor Haeckel, 44 . 

" -.1 1 T-r ’ HiHiikel. 

whose ' Geuerelle Morphologie and ' History of Crealicm ’ 
have done much to introduce the spirit of Darwinism 
into German literature. These works also represent the 


idea of naturul selection is unque^- 
tionaldy the most iuipfjrtanb idea 
that evei* hcen conceived by the 
iimid ot iiuui Vet the ivouder !.•> 
that it f'hould nub have ! >eeii hit 
upon hni^ betore;” and alter re- 
fen my to the iorgotten antici- 
pations of Wtdls and iUatthew, 
Xloniancft* piouecds; ‘‘Still inoie 
remarkable is the fact that Mi 
Herbert Spencer — iiotwithr^taud- 
ing Ins gieat powers of abstra<*t 
thought and liis great devotion of 
thos<“ powers to the theory of evo- 
lution, wlieu as jet this theory was 
scorned by si'iencG-— should have 
iiiia^ed what now appears ho ob- 
vious an idea.” In this coime(*tion 
it Is inteio-^ting to note liow iho-se 
geneial lanons c)f evolul.ionary 
thought wliich were estahlished by 
Spencer betore the publication of 
the ‘Origin’ were brought into 
general recognition hy scieiitilio 
men only when the dehnito inabhe- 
matical or stal.istical forunuht of 
natural selection was announced, 
and that, alter the laine of a wheric 
generation, it is not this precise, 
formula but the general conception 
f>f evolution which, according to 
in.\ny <d’ the foremost nuturaUsts, 
will (ibtain ; the part which natural 
sjclectiou plays being uncertain and 
variously estimated by the many 
adherents of the theory of evolu- 
tion. Sec, iiitiT alitv, the article on 
“Evolution in Hiology ” by Hu.xloy 
in the ‘Eucy. Brit/ 9th ed., voL 
viii. p. 761 : “ How far natural 
selection sufheeH for the production 
ftf species remains to be seen. Few 
can doubt that, if not the whole 


cauve, it i-:, a very important factor 
ill that operation, . . . The im- 
poUaiuG fd natuuil sele<tion will 
hot bo unpaired even if further 
iih pines .sliotihl prove tliat v ina- 
bility i.« tlotinif.e and is ilctcrmined 
in certain dn oclions railicr thiiii lu 
othci.-^ bj con<litioii.> inherent in 
that whicli \.anos.” Sec ^d^o the 
Addre-ss ot Ijord Sahslmry tit tlie 
meeting of tluj Brit. A.ssof at Ox- 
ford in 1<S91, and the suh-Hequent 
remarks of Hu.\Ioj in !ie(‘onding the 
vol(* of thanks of Huxley/ 

vol ii. p. y7iS); “The essence of 
this great work Hhe ‘Urigin of 
Species 3 may be .stated suinmarily 
thus: it aftinns the muUhihty of 
species and the <leheent of living 
forms, separated by dijlcr-cuces of 
more than varietal value, from one 
Ktock, . . , And yet it is also true 
that if all the conceptions proinul- 
gateil in the ‘Origin of Speeies* 
■vshicli iiro xiecuharJy Darwinian 
were sweijb away, the theory of 
the evolution of animals and plants 
would not he in theslightohi degree 
shaken/’ In fact, the general prin- 
ciples of mechrmical evolution, 
first Hy»tcmatise<l by Mr Silencer, 
received recognition only through a 
definite formula, but may, after all, 
survive that special doctrine. It 
is further very evident how the 
imrallel with Newtoids formula of 
gravitation entirely breaks down if 
wo look at matters in this light ; 
every subsequent discovery having 
only tended to confirm that special 
muthemaiical relation, and xjroved 
the all-important part it plays in 
nature, 



348 


SCIENTIFIC THOUGHT. 


first brilliant attempt to fill up conjectiirally the ]">rokeii 
lines of development and descent as the Darwinian con- 
ception of living nature postulates tliein.^ As a first 
and daring approximation, they deserve to liave assigned 
to them a prominent place in the history of the scien- 
tific thought of our age. In elaborating his pedi- 
grees, Professor Haeckel has taken up and more clearly 
defined the analogy between the development of the 
embryo in the higher organisms and the supposed transi- 
tion from lower to higher forms which is found in the 
classification of the genera or species of animals find 
plants. He has termed this analogy the great law of 
biogenesis, of the development of life in the individual 
(rb ov\ and the species or tribe (to (pvXov), expressed 
also as the parallelism of ontogenesis and phylogenesis. 
Long before Darwin and the appearance of the theory of 
descent this analogy^ was pointed out in a restricted 


^ The later editions of the ‘ Origin 
of Species' contain the following 
reference to Haeckel (6th ed., p. 
381) ! “Prof. Haeckel, in his ‘Gen- 
erelle Morphologie,’ and in other 
works, has brought his great know- 
ledge and abilities to bear on what 
he calls phylogeny, or the lines of 
descent of all organic beings. In 
drawing up the several series he 
trusts chiefly to embryological char- 
acters, but receives aid from homo- 
logous and rudimentary organs, as 
well as from the successive periods 
at which the various forms of life 
are believed to have first appeared 
in our geological formations. He 
has thus boldly made a great be- 
ginning, and shows us how classi- 
fication will in the future be 
treated.’’ And Huxley (art. “Evo- 
lution,” p. 7f)2) says: “Whatever 
hesitation may not unfrequently 


be felt by less daring minds in 
following Haeckel in many of his 
speculations, his attempt to sys- 
tematise the doctrine of evolution, 
and to exhibit its influence as the 
central thought of modern biology, 
cannot fail to have a far-reaching 
influence on the progress of 
science. ” 

- As to the early anticipations of 
this so-called “law of biogenesis,” 
they are given with more or less 
completeness by many modern 
writers, such as Huxley m his 
article on Evolution (1878, ‘Eucy. 
Brit.’), P. Geddes (ibid., art. “Re- 
production ”), Yves Delage (■ L’Her- 
ddite,’ &c., p. 159), J, A. Thomson 
(‘The Science of Life,’ p. 133, &c.) 
The most important earlier htate- 
ment is that quoted by Huxley 
from Meckel’s * Entwurf einer Dar- 
stellung der zwischen dem Embryo- 
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sense by Meckel, von Ijaer, and Series. It has soiiie- 
tinies been termed von lUier’s law, though von Baer 
very carefully guarded liiniself against many popular 
versions of the analogy, applying it only within the 
limits of the tour great groups or plans of organisation 
into wliic'h he divided the animal kingdom.^ In his 


Kustaiitle cler holuTeii Thiore utid | 
clem pennanenten dor mederen i 
fetattfimlciideii Parallele ’ (1811). 
“■There la iin g;ood pliysiolofijisl who , 
has n(jt been struck by the obnorva- ; 
lion tliat the ongiuai toim «»f Ul i 
01 giimaina la one ami t he hiune, ami ! 
that out tif this niif* hunt all, the 
lowest a.N well as the highe.^t, are 
clovelope<l in such a manner that 
the lattci pas.s tlirouah the per- 
lu.inent forms <tf the torrner ns 
transitory stage.% A Hal- 
ler, Ihun'ey, Kieliueyer, AutenrieUi, 
and nian,\ otluus, have either made 
this oliservatmn incident.illy, or, 
especially the latter-, ]m\c drawn 
particular attention to it, and 
drawn theretrom rewuHs of iier- 
rnunent importance for physiology.’’ 
Louis Agassi/, in his celebrated 
“ Ksftay oil OlaHMitication ” (ItShh;, 
though rejecting the dodrine of 
dcdcent, “insi-ited, nevertheless, cm 
the correspomlence bdaveen stages 
m embryonic dinelopnicnt and the 
gradiM (jf djflerentiati(ni exprasMud 
in the cla&siticatiou of living and 
e.xtinct unimalw’' (Thomson, *Tho 
Science nf Life,’ p. Ifhl). 

^ A <*areful examination of von 
Jlaer's Maws’ shoWfS that he did 
not aoee]>t the recapittilation with- ! 
out many saving clauses, Hn be- 
lieveil in it much hw than many 
a modern ernbryoIogiHi, such an F, 
M. rial four or* A. Milnes Marshall” 
(Thomson, p. 133), Before the 
publication of Haeckel’s* Mlonerelle 
Morphologic’ the naturalist who 
seems to have nuwt clearly ex- 
pressed the recapitulation theory 


was Flit/ jMuller, who in 1S6I 
published his famous tract ‘Firr 
Uarwiii,’ whidi appeared in 18(58 
in an English translation by Dallas, 
with the title ‘ BVets and Argu- 
ments for Darwm.’ The work of 
Frit/ Muller, who for many years 
lived in the JJui/ils, isolated and 
^eciu(ied, anti devoted to sdentihe 
ob.ser\atioii, \v<is welcomed liy Dar- 
win as one of the tirst and greatest 
suppoits to his doctnne • the 
author was singled out hy him as 
the ‘‘prince of oU-ervers,” and 
freiiuenlly referri'd to in the later 
ctlitions of the‘<)rigrn c»f Hpecie^.’ 
Ddage considers him to ha\c first 
expresfied the fundanicntal bio- 
genetic law (‘L’HthvdiuV PP* 

IdO), ami this is in agreement with 
Haeckel’s own <kdaration in the 
Dith chapter of tlic ‘ Histm y of 
Cr-eation,’ It is, however, well to 
mention that tlio i-ccaijitulation 
theory has found liUle favour wdth 
ladaiUHts ; that Haeckel liimpdf 
admits that the parallelism be- 
tween ontogenesis and phylogenesis 
iw general and not exact ; that thei-e 
IK li tendency to abhr-eviation ; that 
recent adaptations (callcil by him 
“kaiiiogcnetic”) may mask more 
ancient (‘‘palingeneiic ”} foaturcH, 
^c. See J, A. Thomson, ‘The 
Science of Life,’ p. 135, Ziegler, 
in his recent excellent review at 
the ‘Present I’osiiion of the Doc- 
trine of DcHcent’ (dena, 1902, p. 
12), admits that the theory of par- 
allelism has * ‘ perhaps not realLed 
all the expectations” which were 
cherislred thirty years ago, 
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time also no attempt was made to bring phytogenesis 
— the genesis of plant-life — into line and order with 
zoogenesis, the genetic arrangement of animals. It is 
Haeckel’s undoubted merit to have attempted for the 
first time to carry out this general scheme on a large 
scale, and by means of detailed pedigrees, beginning 
with the undefined organisms in which as yet the 
peculiar characters of animal- and plant -life do not 
appear to be differentiated, and ascending in two great 
trunks into the vegetable and animal kingdom, and 
thence through many ramifications into the several 
classes, families, genera, species, and varieties of living 
things, to construct the supposed real natural system 
for which systematists had been unconsciously searching 
since the age of Eay and Linn^eifS. Tor the purpose of 
elaborating this great scheme he employs not only the 
great law of heredity, according to which ancestral 
characters are reproduced in development, but also the 
older law of adaptation to the existing environment, as 
45. pointed out by Lamarck. Haeckel, in fact, combines the 

Parwin and views of Darwiii aud Lamarck, which other naturalists 

Tjainarcic, 

are more or less inclined to keep apart, whence has 
arisen the well-known division into tlie two great schools 
of the neo-Darwinians and neo-Lamarckians.^ Tliough 


^ ]<'atural selection being an ad- 
mitted fact among living tilings, 
like giavitatioii in the 
universe, three distinct problems 
arise : First, how far does it leach ? 
the iscope of the pidnciple. The 
subsequent writings of Darwin wore 
mainly occupied witli this (luestion, 
thuuglx — as wc sliall see later— he 
also ventured upon an important 


RUggCNtion as to the undei'lying 
jiroblem of inheritance. 8econdl,\ , 
the fact or principle itself re*]uirc;s 
to be traced to deeper-lying causes. 
"We may say natural selection is a 
vera causa, but not a prima cauaa : 
it is a true but not a prime cause. 
The investigations regarding vaiii - 
tion’’ and “heredity” work along 
this line of research, and form the 
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Haeekers work is, as he himself admits, highly con- 
jectural,^ it has done much to extend and popularise the 


whole domain of modern po.st- 
Darvviniaii biology. The problem 
IS far fiom being solved, though it 
ib perhaps nearer a solution than 
the question as to the cause of 
gra\itation. Thirdly, there is the 
ambitious attempt to construct a 
general philosophy of life by means 
of the new principle, or some modi- 
fication or amplification of it. After 
Newton had discovered universal 
gravitation, the attemjit was made 
by Roscovich and the Erench school 
of mathematical pliy.sics to use the 
idea of attraction at a distance as a 
geneial physical theory. Ot tho.se 
who, before or alter Darwin, at- 
tempted the more ambitious task, 
we may take Herbert Spencei , ErUht 
Haeckel, and N«igeli as three dis- 
tinct representatives. They, how- 
ever, agree in one point — viz., in 
considering natural selection to bo 
insufficient, and in admitting other 
agencies, which are largely drawn 
from the suggestive writings of 
Lamarck. The section of the.s0 
philosophical writers who consider 
Lamarck’.*? pnuciple.s to be more 
fundamental than Darwin’s, and 
who are largely re])i'{*seuted by 
American naturalibts (notably K. 
D, Cope and A. Hyatt), are called 
neo-Lamarokians llie best account 
of their views will be found in the 
last eliapter of Professor Packard’s 
book, ‘Lamarck, the Founder of 
Evolution’ (1001). The following 
passage quoted there (p, 391) from 
a much earlier memoir (1377) gives 
a very clear account of the reason- 
ing of this school : “Darwin’s 
phrase, ‘natural selection,’ or Her- 
bert Spencer’^ term, ‘survival of 
the fitte.st,’ expresses simply the 
final result, while the process of 
the origination of the new forms 


which have survived, or been 
selected by nature, is to be ex- 
plained by the action of the physi- 
cal environments ot the animals, 
coupled wkh inheritance - force. 
The jilira^es quoted have been mib- 
used to state tbe cau^e, when they 
.siuqily expresb the result of the 
action of a chain of ouubes which 
we may, with Her)*ei t Spencer, 
call the " eiiMronmeiit ’ f»f the 
oiganism uiuleigoing modification; 
and therefore a ham ut Laiuiirclv- 
ianism, greatly modified by recent 
scientific disco\ cries, seems to meet 
iiKsst of the difficulties wdiich arise 
in accounting for the origination of 
species and higher groups of oigan- 
isnis.” It is also well to note that 
Mr Wallace, though not a Lamarck- 
ian, considers the principle of nat- 
ural Holection insufficient esjieci- 
ally to explain the higher develop- 
ments of mental life, (*ciee ‘Dar- 
winism,’ p. '(hio, &c.) 

^ “ [t is evident tliat our ‘ pliyl- 
ogeny ’ i.s and remains an edifice 
of hypothCMe.s in the feame way as 
her sister, historical geology. For 
she tries to gain a connected view' 
of the course and causes of events 
long past, the direct iavestigatiun 
of which is impossible. Neither 
observation nor experiment can 
give UH ilirect information regard- 
ing the endless procesHes of change 
through which the existing animai- 
and plant- forms have emerged out 
of lengthy ancestral stages, . . , 
The empirical documents of our 
history of descent will always 
remain largely incomplete, however 
much through continued discoveries 
our region of knowleilge of individ- 
ual things may increase. ” (Haeckel, 

‘ Systematische Phylogenie,’ 1S9-1, 
voL i. preface, p. vi.) 
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genetic view of nature, drawing likewise into this circle 
of ideas the great departments of anthropology and 
geography; in fact, it amounts to rewriting the ' Ivosmos ' 
of Humboldt on genetic instead of on purely descriptive 
lines. But in perusing these and similar writings of 
modern times, we feel on the one side that we are 
gradually getting out of the depths of science, not only 
into the domain of conjecture, without which a know- 
ledge of the past cannot be gained, but also into the 
regions of philosophical thought, which proceeds on 
other lines than those prescribed to science, and which 
will claim our attention in a special portion of this 
work. On the other side, in using so confidently the 
ideas of descent and adaptation, we feel that we are 
appealing to two great empirical facts, the facts of 
heredity and of variation of living things, on which the 
genetic view of nature, when applied to the living 
portion of creation, rests, but which are scarcely even 
defined in clear terms, much less explained. In fact, 
we are face to face with the problem and definition of 
life itself. Neither the morphological nor the genetic 
view of nature is limited to the living world, although 
both views originated there, and were from thence ex- 
tended to the larger domain of inorganic and cosmical 
phenomena. Into these larger views which try to 
grasp the forms of nature in their apparent rest or in 
their endless change and history, the phenomena of 
life have been fitted by the help of three definite con- 
ceptions — the conception of the cell as the morpho- 
logical basis or unit of all life, and the two concep- 
tions of inheritance and variation, by which living 
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forms are partially maintained and continuously altered ^ 
These three conceptions deserve and have received special 
attention by a class of students who, since the begin- 
ning of the nineteenth century, have termed themselves 
biologists. On what Hues of reasoning their studies 
have been conducted, and to what general results tliey 
have led, I propose to discuss in the following chapter, 
which might be appropriately entitled the ‘‘ Biological 
view of Nature ” in the narrower sense of the term. 
In order to distinguish the studies which I shall have 
to deal with in that chapter from those which have 
occupied us ill this and the last chapter, which deal 
largely but not exclusively witli living things, I liave 
preferred to give to it the title, '' On the Vitalistic" 


^ To these — according to some 
natuiMlntb — uiight ))e added the 
factor of adaptation, so prominent- 
ly put forward hy Lamarck and 
hift followers. Bub ada]Jtation is 
one of the causes of variation, as 
natui’al selection is a conseauenco. 
The latter is a physical necessity 
wherever overcrowding exists ; 
whereas the setjpe of adaptation, 
which is an uiidemable fact so far 
as individuals are concerned, is, 
so far as it regaids inhei'itance — 
z.t*., the development of the race — 
a much controverted ciuestion. It 
comes under the larger pioblem 
of the influence of environment, 
and will occupy us again in later 
chapters. Among the most valu- 
able contributions to this subject 
are Mr Herbert >Spencer's articles 
on the Factors of Organic Evolu- 
tion," published in the * Nineteenth 
Century* in 18S6, and separately, 
with additions, in 1887. In these 
essays he also shows how Barwin 
himself in his later writings in- 
cludes the induence of environ- 
ment as an important factor in 

VOL. IL 


devehipniLMit. (vSee p. 29 of 
the icpi'int.; 

- Ah the two tenns “biological'’ 

I and “ vibalistic ” might, according 
I to their etymology, mean the same 
I thing, lb may be appropriate to 
I offer some explanation of the 
reasons which have induced me 
to adopt the latter term for the 
purpose indicated in the text. 
Biology meaub the science of life. 
This can only be studied in living 
things. Living things, however, 
are formed entirely of the same 
elementary substances as w'c find in 
inorganic or not living things, and 
are very largely formed through the 
same chemical and ^diysical pro- 
cesses as we find among the latter. 
And as our scientilic — i.c., exact, 
accurate, and useful — knowledge 
has all begun with the study of 
inorganic phenomena, it is natural 
that biologists should have attacked 
the problems of living nature from 
the side of the similarity or same- 
ness which they presented when 
compared with lifeless nature. 
The main progress In physiology 

Z 
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view of Nature.” Clearly both the morphological and 
the genetic views of nature remain incomplete unless 
they embrace the forms and the processes of life. It 
is the problem from which both started and to which 
both lead. They, as it were, presuppose its possible 
solution. Let us see what has been done in the course 
of our century to effect it. 

Before we do this it is well to draw attention to 
the great strengthening which the genetic or develop- 
mental view of nature has received, since the time of 
iJarwin, from other quarters — notably from that of 
general physics and chemistry in their application to 
geology and astrophysics.^ 


{.uid laeclicine during the last hun- 
dred years has come from that 
quarter. This large class of studies 
can be carried on -without facing 
the problem of life at all ; and thus 
it happens that we may have a very 
large biological literature in wdiich 
the word life hardly occurs, and 
in which we seek in vain for a 
definition of life. W^e must, thei*e- 
fore, have a term which singles out 
from the enormous mass of bio- 
logical literature that smaller por- 
tion which professedly deals with 
those properties and phenomena 
which are peculiar to the living as 
distinguished from the lifeless crea- 
tion. I have chosen for this purpose 
the term vitalistic ; bub I may 
note that in using it I do not limit 
myself to that class of thinkers 
who are usually termed “ Vitalists,” 
because they are led to, or start 
with the assumption of, a special 
vital principle. Even those who, 
in studying the phenomena of life, 
arrive at or start from the denial of 
such a principle are included under 
the vitalistic view, just as Kant is 
rightly termed a metaphysician 


although the outcome of his phil- 
osophy may be considered to be 
the destruction of metaphysics m 
the sense which was current m 
his age. 

^ A general scheme of evolution, 
or ot development as it was mure 
frequently termed, which would 
embrace equally cosmical and ter- 
restrial processes, the lifele-sh and 
living world, was clearly before the 
mind of Schelling and his ffdloweis, 
notably Okeii and Steffens. The 
vagueness and extravagancies of 
this school hrought the idea into 
discredit, and the remedy <ipplied 
hy Hegel, to put a logical iirocess in 
the place of fantastic suggestions, 
ruined it utterly in the eyes of the 
cultivators of exact reseai-ch. Only 
very few of the great students of 
ortianic development, but among 
them the greatest, von Baer, re- 
tained a just appreciation of the 
great aims of Schelliiig. The study 
of development abroad was alm<ist 
entirely limited to embryology. In 
other sciences the “statical’^ as}iceb 
ruled supreme. In the face of this 
somewhat retrograde movement 
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111 the second ehaijter of this volume, which treated oi 
the physical view of nature, and developed the vaiious 
ideas which cluster around the term “energy,^’ I showed 
how, in the middle of the century, through the nitro- 
duction of these ideas, a new clue was gained wherewith 
to penetrate the connection of natural phenojnena in 
time and space. Befoie that time the conservation of 
matter, the rule that matter can neithei* be lost nor 
created, guided research by trying to account for the 
apparent loss or gain of matter whenever and whei*ever 
changes take place in the material woild. Th(‘. science 
of chemistry with its instriimeut the balance was built 
on the foundation of this axiom. When, throivaji the 
labours of Mayer, Helmholtz, and Joule, tlie further 
axiom became established that, besides matter, tliere 
exists in tlie material universe a second quantity (or 
siihstauce) teimed “ energy,” which, like matter, can l»e 
tclumged, ])iit which, like mutter, can neither be created 
nor aiinihilatod, the (piestions begun to be asked, ‘Mf wo 


abioad, tlxe merit of Mr Speucer 
uii urging the clyiuiuical ” UHpeut 
]oug hefoi-e tiie ‘ Origin of Specicr. ’ 
put forward <i definite uiedi.miuul 
Agency so much greater, and he 
himself says (‘Factors of Organic 
Evolution,’ p. 5) ; “ Of the few 
, . who, esjtoubing the l>elief m 

a continuous evolution, had to ae- 
eount for this evolution, it iiiUKt be 
jsaid that thougli the cause assigned 
(viz., the modification of structures 
i'esuitiug from modification of f u no- 
tion = 3 ) was a true cause, ... it 
left unexplaiiied the greater part 
of the facts. Having been myself 
4)ne of these few, I look back with 
surprise at the way in which the 
facts which were congruous with 
the espoused view moaopolised con- 


sciousness and kept out the facts 
which were inc<aigru( ais with it- 
er mspicuous though many of them 
wru’e.” Mr Spencer \va<» al&o 
probably the first who defined in 
mechauical terms, applicable to 
cosniical, Ufelcss, and living pheiio- 
nieua alike, the process of tlevelop- 
lueut, adopting the tcj'in evolutimi. 
This fitting of tlif‘ process of or- 
ganio dcvelopiueab into the general 
formula of evolutirm, and the «ub- 
Herjuent announcement by Harwiu 
of the ruechanicni agency of over- 
crowding and selection, has had 
the effect of strengthening iiu- 
mensely the genetic view of nature, 
but also of obscuring and pushing 
into the background the special 
problem of life. 


48 . 
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receive energy, where does it come from ? if we lose 
energy, where does it go to ? ” It was recognised that 
the great store of energy on which we at present depend 
is the heat of the sun, which is partly used or wasted by 
daily radiation, partly stored in the separated energies 
of chemical substances, such as were produced by the 
agency of solar heat in bygone ages; the deposits of 
coal in the bowels of the earth being a prominent 
and important example. Where does the heat of the 
sun come from, and how is it maintained ^ These were 
some of the questions which began to be asked. The 
genesis of the cosmos, as suggested by Laplace and fanci- 
fully elaborated by pojDular writers, had taken note only 
of the matter in the sun and in the planetary system, 
and had disregarded the heat^ or energy which the sun 
supplied, and on which the historical changes on the sur- 
face of our globe have almost entirely depended. '' But 
physical laws are for our mental vision ” as Helmholtz 
says, “ like telescopes which penetrate into the farthest 
night of the past and the future.'’ ^ Shortly ])efore tlie 
pioneers of the mechanical theory of heat published their 


^ “When Playfair (in bis ‘Illus- 
tration,'; of the Huttonian Theory ’) 
spoke of the planetary bodies as 
being perpetual in their motion, 
(litl it not occur to him to ask, 
What about the sun’s heat^ Is 
the ^un a iniraculoub body ordered 
to give f>ut heat and to shine for 
ever ” (Lord Kelvin iu 1 868, “ On 
Geological Time,” ‘Popular Lec- 
tures and Addresses,’ vol. ii, p. 45.) 
“The old nebular hypothesis sup- 
poses the solar system and other 
similar systems through the uni- 
verse which we see at a <listaiice 
stars to have originated in the con- 


densation of fiery nebulous matter. 
This hypothesis was invented be- 
fore the discovery of thermodyna- 
mics, or the nebultu would not h<ive 
been supposed to be fiery ; and the 
idea seems never to have occurred 
to any of its inventors or early 
supporters that the matter, the 
condensation of which they sup- 
posed to constitute the sun and 
stars, could have been other than 
fiery iu the })eginning ” (id., 1871, 
ibid., vol. i. p. 184). 

See ‘ Yortruge und Jleden,’ 
Aufl., vol. i. p. 57. 
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first theoretical and experimental essays, experiments had 
already been made by Sir John Herschel at the Cape, 
and independently by Pouillet in Prance, with the object 
of measuring the annual expenditure of heat by the 
sun. They had found it to be an enormous quantity.^ 
They represented it popularly by the thickness of a crust 
of ice on the surface of the eartli, which the heat radiated 
annually by the sun would be able to melt, and they 
found this to be about 30 metres or 100 feet. Mayer 
was the first who seems to ha\'e put the cpiestioii 
definitely : How is this enormous exx>enditure of heat 
defrayed, which would, if not in some way coinpensa-ted, 
have resulted, even in histcnlcal times, in a great lower- 
ing of the temjierature of tlie sun, and hence also of that 
on the surface of our globe, such as is contradicted hy all 
historical evidence The answer which Mayor gave to 
this question was based upon an application of his con- 
ception (jf the equivalence of heat and the energy of 
mechanical motion. As the sun, according to the cos- 
mogonic hy])Othesis- of Laplace, was originally formed by 


^ Tlie.se laeasureineufcs were made 
in 1837, and very nearly aje:reed. 
The resulting figures can, of course, 
only be considered as rough ap- 
proximations : they have been ct>n- 
biderably increased by more recent 
observations. See A. Berry, ‘A 
Short History of AstTonomy/ p, 
397. 

It does not appear that IVlayer 
brought his “meteoric’’ Ijypotliesis 
of the generation and niainte, nance 
of the heat of the sun into cuimoc- 
tion with the nebular liypotheBis of 
Kant and Laplace. In fact, in his 
first mention of it in his com- 
munication to the lAiris Academy 
in 184t> he sa 5 'fcs simply : En con- 


1 bideraiit le grand ntjmbre que 
nous voyonw, ctnniue bolides ou 
dtoiles touibantess, nous ne ]»ouvons 
pas doubter <pi’a tout moment des 
uiyrhidert d’a^irroides send dablcb ei 
une grOIe dpaiwse se jettent dans 
tou8 Ics sens sur le stdeil oh ils 
perdeut la force vive de leur mouvo- 
uient*’ (Mayer’s LSchriften und 
Briefe,’ p. 264) ; and M. Faye re- 
inarks that the fact that Mayer’s 
ideas are opjioaed toLaplace’is theory 
of the origin of the solar systeui 
explains how it came about that 
his theories were never reported f>n 
or explicitly mentioned, Leverricr 
also seems to have ri<Uculed the 
meteoric hypothesis, according to 


•40 

TUc beat of 
the sun. 



358 


SCIENTIFIC THOUGHT. 


the gathering up of cosmical matter which, under the 
force of gravitation, was in rapid motion — so the heat of 
the sun originated through the conversion of the eneigy 
of this arrested motion into heat. This process of gather- 
ing up of cosmical or meteoric matter is still going on, 
and it makes up for the loss or expenditure of solar heat 
through radiation. Helmholtz, in the sequel of his 
investigation into the conservation of energy, likewise 
takes up this problem, and while admitting to some 
extent Mayer’s theory,^ shows that even without the 
accession of cosmical matter, the mei'e contraction through 
gravitation of the gaseous substances of the sun would 
result ill a continual production of heat. His calcula- 
tions sliow that the amount of this contraction, resulting 
in a diminution of the sun’s apparent diameter, would not 
be great enough to be perceptible during Instoric ages. 
The tlieory of Helmholtz has in general been accepted as 


which the suii’w heat \va,s up 
IjV breakhifetinp^ and dining on 
liieteoritos. (See Wolf, ‘ Hancibuch 
der Astronnune,’ voh ii. p. 43S ) It 
on the other .side equally interest- 
ing to how Herbert Spencer, for 
whom the nebuhxr hypothesis was 
a i)rincipal example of cosmic 
evolution, failed to avail himself 
of the strengthening supjjort it re- 
ceived through thermodynamics (see 
* Essays,' voh i., On the Nebular 
Hypothesis,” IS.oS). Had Mayer 
brought hih ifleas into connection 
with Laplace’s cosmogony, lie prob- 
ably would liiive hit upon the 
correeter version, the contraction 
theory, which it was re.served for 
Hrimlioltz to propound in 1854. 

^ The subject was about the feame 
time taken up by William Thomson 
(fjorcl Kelvin), first in a paper “On 


1 the Mechanical EnergicM of the 
Stdar System ” (Trans. Edin. Hoy, 
Soc., 1851), and continued in a 
series of paper. s and addresses, 
reprinted in his inatliematical, , 
papers (vol. ii.) in the 1st volume 
of his ‘ Poxmlar Addre,ssc,s,’ and in 
an apjieiidix to Tluunson and Tail’s 
‘ Natural Philosojliy.' He shows 
that the form of tlie meteoric thef>ry 
prfipounded by Mayer, and inde- 
pendently hy AVater-ston (Brit. 
Assoc., 1853), is as little able to 
explain the maintenance of the 
sun’s heat through known liistoric 
ages as the chemical tlieory of coin- 
bustioii, which was already aban- 
doned hy Mayer in 3845, and finally 
adopts Helmholtz \n form of the 
meteoric theory as the ino.-^t likely. 

Pop, Lect.,’ voL i. j», 3(>5, &c, ; p. 
3/3, &c, ) 
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a valid explanation of the maintenance of solar heat. In 
fact, as to the sun, we can now go both backwards and 
forwards in his history npon the principles of Newton 
and Joule.’' ^ 

But further means for testing the correctness of these „ fo- 

Spoctnim 

theories were afforded by the invention, in 1859, of ^naiyMs, 
Spectrum Analysis. It was found that the composition 
of the light of luminous bodies, as revealed Ijy prismatic 
scattering in the spectrum, enabled us to tell a good deal 
about the nature of the body itself from which the light 
emanated. We can tell whether the body is shining 
with its own or with reflected light, what are the con- 
stituents of the incandescent body, whether it is an 
incandescent solid or an incandescent gas : also whether 
the body is in motion or not. The nebular hypothesis 
supposed that the jdanetary system owed its origin tr) 
incandescent, perhaps gaseous, matter, which, through the 
force of attraction, was collected in different centres : the 
d’seoveries of thermodynamics and of spectroscopy have 
enabled us to expand and correct some of the assump- 
tions of this theoiy, and to add new features to its 
minuter elaboration. It is not necessary that the matter 
whicli was originally scattered through space and was 
gathered into attracting centres should he itself incan- 
descent or gaseous ; it may have been cold and solid like 
dust ; xising in temperature and becoming incandescent 
only through tlxe conversion of aiTested motion into heat, 
which again was maintained for some time through acces- 
sion of new matter or progressive shrinkage, but which 
must in a calculable time be radiated away, leaving a 
^ Lord Kelvin, loc. dU, vol. ii. p, 131. 
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cold, heavy, lifeless, and lightless body behind.^ The 
action of attractive power would sometimes reveal the 
existence of cold bodies, with specific gravity much in 
excess of our earth, as in the case of the satellite of 
Sirius, and the spectroscope would reveal clusters of 
stars or nebuke in the various stages of development, 
such as the nebular hypothesis suggested as making up 
the genetic process of our planetary system. Mufdi 
uncertainty and much conjecture must of course exist 
in these chapters of science, which those who are in 
full possession of the accumulated and yet very im- 
perfect facts may venture to elaborate in a more or 
less plausible or fanciful manner. Such attemjits to 
write the history of the universe have been mode in 
an original fashion by M. Faye in France “ and Sir 
Norman Lockyer^ in this country. They have tiied 


^ See Helmholtz, ‘Vortruge und 
Redeii,’ vol. ii., 3rd ed., p. 88, &c. 

^ SSur rOrigine du Monde.’ 2nd 
ed., Pariri, 188f). The author, 
finding the celehrated cosmogonic 
hypothesis of Laplace m “full 
contradiction” with the actual 
state ot science, takes up an original 
theory of Descartes, that of vortices, 
in order to characterise not the 
actual, but the initial, stage of the 
solar system (see Preface) : “Autre- 
fois, je veux dire il y a une vin^t- 
aine d’annues, on avail le& coudees 
f ran dies pour imagiiier un sy.stume 
cosmogomque: il suffisait de I’ac- 
cominoder aux notions contem- 
poraines d’Astronomie solaire et 
de mfenique cdleste. II n’en est 
plus de meme aujourd’hui, car la 
thermodynarnique assigiie ii notre 
Soleil une provision limitde de 
ohaleur, I’Analyse spectrale nou.y I 
rdvdle la constitution intime dee 
astres les plus dloigncSs, et la pald- 


oniologie nous fait renionter a des 
opoques oil il n’y a\ail, hur notre 
globe, ni saisons, ni clhnatR.” 

Whereas M. Faye has ingen- 
iously modified the original and 
older nebular hypothesis sf> as to 
account for the anomalies in the 
movement of some of the mem hors 
of our planetary system, which 
were unknown or unexplained in 
Laplace’s time, and has lrie<1 to 
account for the phenomena of loss 
and supply of heat which thermody- 
namical theoiy and paltoontological 
records reveal, Sir Norman Lockyer 
has during more than thirty years 
been occupied wlt-h the elaboration 
of a speijial theory which tries to 
harmonise the revelations of the 
ispectroscope as to the chemical 
constitution of the sun and other 
stars with the more recent develop- 
ments of the atomic theory as 
suggested liy chemical ami electrical 
phenomena observed in our labora- 
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to do what Professor Haeckel has done in the more re- 
stricted field of the history of the living creation. Whilst 
tliese attempts are by many scientific authorities coii- 


torieri. His speculations, baser! 
upon his own observations as well 
as those of many other Euroi)oan 
and American authorities, such as 
Seechi, Dumas, Kayser ami Runge, 
Rutherfoid, Rowland, Young, and, 
above all, of Sir W. Crookes and 
the late Professor Preston^ — all of 
which, as well as many others, he 
generously quotes, — were given in 
three works ‘ The Chemistry of the 
Sun ’ (1887), ‘ The Meteontic Hy- 
pothesis ’ (i890), and ‘The Sun’s 
Place in Natuie ’ (1897). He has 
latterly collected the wliule evidence 
in a brilliant and fascinating volume 
entitled ‘Inorganic Evolution as 
studied by Spectrum Analysis ’ 
(1900). The ceuti al idea contained 
in these books, and elaborated with 
increasing detail and clearness, was 
suggested as early as 1873, when 
Sir N. Lockyer pointed out “ that 
many of the difficulties would 
vanish if it were conceded that 
the ‘ atoms ’ of the chemist were 
broken up or dissociated into finer 
forms by the high temperatures 
employed in the new method of 
investigation” (‘Inorg. Evol.,’ p. 
73). This “ dissociation ’’ hypothe- 
sis has been much criticised, and 
can only be (irmly established by 
patient and prolonged research in 
that ^ borderland which unites 
chemistry and astronomy. As the 
author says : “ Tiie chemist has 
little interest in an appeal to 
celestial phenomena, ami astrono- 
mers do not generally concern 
themselves wntli chemistry. The 
regifui investigatetl by the chemist 
is a low temperature region, 
dominated by monatomic and poly- 
atomic molecules. The region T 
have chietiy investigated is a high 
temperature region, in which mer- 


cury gives us the same phenomena 
as uiaiiganese. In short, the 
changes with which spectrum analy- 
.'^is has to do take place at a far 
j higher temperature level than that 
employed in ordinary ehemioal 
I work.” It is w’cll to note that 
! duiing and since the time when 
I the ilissociatioii hypothesis was first 
lironiinently ])ut furvvai d reftOarches 
conducted on entirely different 
lines have led to .-iinilar views — 
i,c., to a furthei* elaboratnui of 
the atomic hypothesis M. Ilcrthe- 
lot wrote in 1R8{I : L’(‘tiide ap- 

}m>fondie des pi opnete.s physKjues 
et chimiqucs dcs masses I'demen- 
taires, qui constituent non ctn-ps 
simples actuels, tend cha«|ue jour 
d’avantuge ii les assitiiiler, non a 
des atonies indivisibles. homogcut‘s 
et hUHceptibles (repiuuver seule* 
ment de.s mouvements d'ensemble 
. . . il esfc difficile (Vimaginer un 
mot et une notion ]dus coiitraires 
il I’observation ; mais ii des edifices 
fort complexes, doucs d*une andii- 
teoture spceiiique et aniuics de 
mouvements inlestins f.res varies ” 
((juoted in ‘ Inorg. Evol.,’ p. 28). 
The first chemical confirmation of 
the dis-suciatinn hyiiothehis came 
in 18S3 through the “ beautiful 
researche.s on the rare earth Yttria,” 
contained in Sir \Vm. Crookes’s 
Bakeriuu Lecture to the Royal 
Eoeiety. “ In the lectures he gave 
a Rket<di of the train of reasoning 
by which he had been led to the 
opinion that , . . this stable mole- 
cular group had been (by a process 
termed “fractionation ') split up into 
its constituents *’ (i])kl., p. lid); and 
already, in 1879, Bir Wm. Crookes 
had provisionally accepted the 
“dissociation” hypothesis (xi. 74), 
Anomalies also in the periodic 
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sidered to he premature,^ they have eontrihnted much to 
impresa on the thought of our age the genetic or 
developmental view on a large as well as on a minute 
scale. 


law of IMendeleef weie explained 
l>y utilicsing this hypothesis (p. 165), 
and in the sequel other authorities, 
fcsueh as IJrodie and llydberg, ex- 
piessed themselves in the same 
."ense (p. 164). These, and <iUito 
recently the electrical reseaiches 
of Prof. J J. Thomson (referred 
to sitj^ra, p. 192), supi)ort the view, 
oiiginallj” suggested in a cruder 
form hy Prout, that what we call 
elements are really compounds or 
aggregations or complexes, built up 
“from similar particles asHOciated 
with the presence of electricity” 
(‘Inorg. Evol.j’pp. 167, 190; also 
J. ,T. Thomson, ‘Discharge of Elec- 
tricity thiough Gases,’ p. 198 sqq.) 

^ It would he unfair not to state 
that many works on astronomy are 
still written in which all genetic 
hypotlieses are left out, the “ stat- 
ical’’ view being still the pre- 
dominant one. Especially in Ger- 
many, it seems as if “inorganic 
evolution ” is not very popular ; 
though a large amount of the best 
work in spectrum analysis of the 
stars has been done there hy H. C. 
Vogel, Kayser and Runge, ftcheiner, 
auil many others. Dr Scheiner, in 
his valuable work (translated with 
the title ‘ A Treatise on Astro- 
nomical bpectroscopy,” by Prof. 
Frost of Dartmouth College, U.S.A., 
1894), has some important criti- 
cisms on hypotheses and solar 
theories ^^ee Preface, and the dis- 
cussion of the Meteontic Hypothesis 
in the German edition, Part 11, 
chap i.) In his ‘ Bau des Wei tails ’ 
(Leipjsig, 1901) genetic views are 
not discussed. The older very 
valuable works of R. Wolf ('^ Geseb. 
d. Astronomie,’ 1877, ‘ Handbucli 
der Astronomie,’ 2 vols., 1890-92) 


give only shght attention to 
“genetics,” and consider even the 
“ statics ” of the univeise though a 
possible yet a difficult problem (see 
the last-named work, 298, 299). 
The latest and excellent ‘ History 
of Astronomy/ by Mr A. Berry 
(1898), is likewise reticent about 
the evolution of the universe, ad- 
mitting only a general, fairly well- 
founded presumption in favour of 
a modified nebular hypothesis (p. 
409). It would, therefore, be 
doubtful whether a history of 
science should, at the end of the 
nineteenth century, give much room 
to these modern genetic theories In 
astronomy. It is different with a 
history of scientific though t. How- 
ever premature and venturesome 
it may appear to purists in science 
to elaborate such hypotheses, there 
is no doubt that the genetic aigu- 
ments and lines of reasoning have 
got a firm hold of many great 
thinkers in the physics of the 
universe as w'cll as in biology, and 
that the genetic view of nature 
m general has received very strong 
supjiort from the several trains 
of reasoning and the nipidly in- 
creasing revelations of spectrum 
analysis of cosmical and terrestrial 
objects, as set forth in Sir N. 
Lockyer’s interesting volumes. 
Already thirty years ago Lord 
Kelvin said of the spectroscope : 
“ It is not merely the chemistry 
of sun and stars, as first suggested, 
that IS subjected to analysis by the 
spectroscope. Their whole laws of 
being are now' subjects of direct 
investigation ; and already we have 
glimpses of their evolutional history 
through the stupendous power of 
thih most subtle and delicate test. 
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It is intelligible that these different lines in the 
genetic view of nature — the different trains of reason- 
ing* which, in the course of our century, ha\'e started 
independently in astronomy, in geology, and in natural 
history — should, as they develop and expand, come into 
contact, and in the event either suppoi‘t or invalidate 
each other. The former was the case when the geological 
record, the discoveries of paheontolog“y, were brought in 
to throw light on the liistory and develo])Uient of species . 
the stories of nature, as written from the point of view 
of the embryologist, the systematic :^.oologist and botanist, 
and the pahoontologist, seemed more and more to eonliriu 
and support each other. The same cannot he said if we 
write the history of our earth from the point of view of 
the geological record on the one side and from tliat of 
the purely ph}^sical dabi afforded by thermodynamics 
on the other. Lord Kelvin lias shown that the untold 


We liad only woliir and Hteilur 
chemistry ; we now have solar and 
fetellai }j 1 ly hi< >logy ’ ’ ( Presicl . Add ress, 
Brit Assof' , 1S71. See ‘1\>pular 
Lectures aiul A{ldresses,’ vol. ii. p. 
ISO). 

^ ''J’'he literature of the subject 
begins with Lord Ivelvin’s Address 
to the (^etdogical So<*iety of Glas- 
gow, Febiuary 27, 1868, which had 
been prei'eded by a paper read be- 
fore the Uoyal Society of Edinburgh 
in 1S65, brietiy refuting the Doc- 
trine of Uniformity in Geology.” 
The ad(lre^s began with the wordn : 

great reform in geological 
speculation seems now to have be- 
come necessary,” and int the sequel 
stated : “ It i^ <juitc certain that a 
great mistake has been iaa<le-~that 
British popular geology at the pre- 
sent time is in direct opposition 
to the principles of natural philo- 


siiphy,'” ^'hche papers are reprinted 
in the 13nd vol, of ‘ Popular Lec- 
tures and Addresses ’ (see pp. 10 
ami 44). The attack was taken 
up by Huxley in his Address to 
the Geological vSociety for IS60, 
reprinted in Mjay Sermons,’ &c., 
181U, p. 198. Ill a rejoinder to 
this, delivered in the .same year 
at Glasgow (ho, Wi., p. 71>), Lord 
Kelvin show.s how the current 
geology was in the habit of look- 
ing ui>on geologdeal time as ♦‘an 
element to which we can set no 
Ixmnds in the past any more than 
wpi know of its Hmite in the future 
(quoted from Page’s ‘ Text -book '), 
that Darwin’s arguments themselves 
involve an almost unlimited dura- 
tion of the conditions admitting of 
the operation of natural selection, 
since, in his view, in all probabilily 
a far longer period than 300 inillitm 
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ages with which geologists, since the time of Lyell, have 
been accustomed to reckon, are not supported by our 
present knowledge of the periods during which the so- 
called secular cooling of the earth has been going for- 
ward — the period which has elapsed since the consis- 
tentior status of Leibniz set in. He has thus put 
before natural philosophers a problem — the reconcilia- 
tion of the geological and the thermophysical record — 
in which the genetic view of nature must be greatly 
interested. But even more important than all this is 
53. the doctrine of tlie dissipation of energy, referred to in 
ofenerj-y. the second chapter of this volume — a doctrine of which 


yeur« has oJapbed since the latter 
part of the secondary period ” 
(M)riym of Species,' 1st ed , p. liST). 
He hhows that Hutton and the uni- 
funuitanana were misled hy a be- 
lief in the so-called stability ot the 
solai system, which took no notice 
(jf the effect of tidal friction, nor 
of the phenomena of radiation and 
cooling ill the past, still less of the 
law of dissipation ot energy, and 
maintains that the modern ideas of 
evolution are in a sense a return to 
the older conceptions of Leibniz, 
Newton, and other more recent 
geologists {lur. ciL, 111). Since 
the subject was thus brought 
prominently forward, a&tronomers, 
physicists, and geologists have not 
only — as Huxley expected them to 
do (see ‘ American Ad<lreHses,’ 188(5, 
p. 98; — adduced arguments in order 
to arrive at an approximate idea 
how long the earbli may have been 
able to maintain organic life, but 
biologists have been induced to re- 
vise the postulates of the extreme 
— almost infinite — slowness, and of 
the uniform continuity of organic 
changes, originally contained in the 
Darwinian theory. The influence 
of these researches upon biological 


and genetic rea.soiimg has been to 
emphasise the sudden changes, the 
ruptuies in the continuity ot de- 
velopment. In England the great 
work of Mr William Bateson 
(‘ Materials for the Stu<ly of Vdiia- 
tions,’ 1894) has familiaiised us 
with the idea of Discontmuit) 
in the origin of species. On the 
Continent the rapid or even sud- 
den appearance ot variations is in>t 
a new idea, though the original 
suggestion of Maupeituis (1748), 
which was taken up and elaborated 
by Geoffrey St Hilaire (see Yves 
Deluge ‘L’Her(5ditcV P- ‘-^^l)j 
forgotten. In <iuite recent years 
the reconciliation of the ‘"persist- 
ence of species ” with their “ varia- 
bility,” and of the “geologicar’ 
with the “ biological record*^, luis 
been much furthered by the theory 
of “Mutation” of tlie celebrated 
Dutch botanist de Vries. His view 
is that “every species has its be- 
ginning and its end ; it behaves m 
this W'ay like an individual.” He re- 
fers to the experiments fui heredity 
and crossing of hutterliieh. of Stand- 
fuss, who has been led to maintain 
the existence of sudden or “ex- 
plosive ” transformations ; and he 
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the mechanical and eosmical iniportanee was clearly fore- 
seen hy Loid Kelvin in 1852, but which is hardly 
assimilated yet by scientific, much less 1)y popular, 
thought 

Tlie two doctiines of the conservation of matter and 
of energy would lead to the idea that nature is a kind 
of prrjyffnnji uuMlr, notliing in the wniy of matter or 
energy Ixnng lost, and that sucli a reversal of her pro- 
cesses is possible as we arc accustomed to deal with in 
purely mechanical contrivances. But a closer examina- 
tion of the processes of nature, as distinguished from 
those of artilicial machines, revealed the fact that, 


Hpeuk.s ut periods of nmlatioii’’ — 
i.e , of r.tpnl change of .species, cif 
which ho gives various insj-auces. 
He (‘oneluiles that “as many steps 
as the orguiiL^ation has laKen sniee 
th<* begin nuig, so many jjeriods of 
* mutation ’ must have existed.” 
He coii'^iders the vital processes to 
be built up (iut of “units, ” “Of 
such units there are probably iu 
the high(U' plants several thf>Ufiaiids, 
and tiieir ancestorH must have run 
throiigli as many jwriods of mu- 
tation.'’ He concludes with the 
following words; *‘Altlunigh such 
calculations are naturally exposed 
to much criticism, they nevertiie- 
less leiul on voiy ditrerent roads to 
identical results. Lord Kelvin, 
who a fewv yeai's ago collected and 
examined critically the various data 
referring to this subject, anives at 
the I'onclusion that provisionally, 
and with all reservations, the dura* 
tion of life on the earth can he 
placed at *21 milliouH of years. We 
accordingly take this figure for our 
biochroiiic ©(^nation. And as we 
can with gi‘eat probability estimate 
the number of elementary pro- 
perties in <me of the higher plants 


at scUiie thour^and',, it tt>llows that 
the interval of time between tavo 
pejiod.- of mutation must have 
lasted several thousands of yeais.” 
fHee deVries's Address to the tjer* 
man Assoc, oi Science at Hamburg 
in 1891, * Verhandeluiigon,’ p. 
202, kv. ; also Lord Kelvin (Lhil, 
Mag, (5.) 17, p. OH). Mr Wallace 
iian, from an entirely dilforeiit point 
ol view, been led to the conclusion 
that “certain definite poitions of 
uian’H intellectual and moial nature 
could not have been developed by 
variation and natural fselection alone, 
and that, therefore, some other iu- 
tluence, law, or agency is required 
to account for thmn.” This would 
account for an apparent, thougli 
perhaps not an actual, break in the 
continuity of all natural processes, 
which, in the dictum naturtf. n/ni 
ffteit has received a very 

general expression and acceqjtance. 
This dictum — supported by the 
authority of Leibnii!: — is, however, 
by some modern thinkers tlc- 
uounced as a scholastic and anti- 
(^uated aphorism. (See Yves 
Delage, *L’Heruditc,’ &c., p. 20H.j 
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though matter and energy be indestructible, the succes- 
sion of phenomena, the changes and processes which we 
call the genesis or history of things, are dependent on the 
condition in which energy exists; it being a general 
tendency for energy not to be lost, but to become un- 
available ; change and action, the life of things every- 
where, depending on an equalisation of existing differ- 
ences, say of level or temperature, or quicker and 
slower motions. This great property of natural, as dis- 
tinguished from purely mechanical, processes, explains 
the fact that the processes of nature are irreversible, 
that the clock cannot be turned back, that everything 
moves in a certain direction. Various attempts have 
been made to explain mechanically this remarkable 
property of all natural processes, which seems to lead 
us to the conception of a definite beginning and to 
shadow forth a possible end — the interval, which con- 
tains the life or history of nature, being occupied with 
the slow but inevitable running down or degradation 
of tlie great store of energy from an active to an in- 
active or unavailable condition. 

This doctrine of the degradation or dissipation of 
energy leads us one step farther towards an understand- 
ing, or at least a description, of the processes of nature, 
but also of their mystery. It has been urged that, as 
we always only deal with a small portion of existing 
things, we have no right to apply conceptions which are 
based upon a restricted observation to the totality of 
things in the universe. For instance, we know nothing 
of what Ijecomes of the energy radiated away into empty 
space. This is a reflection we should always bear in 
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mind. We have also been reminded that the theoiies uf 
the so-called stability of the planetary b}'steiu which 
were propounded in the earlier yedrs of our century, 
and which have found their way into popular tieatises 
on astronomy, are only aptu'oxiniatioiis. On the other 
side, we have daily before our eves the ever-recuriing 
instances of the building up and running down of iiatural 
forces in smaller systems. These we teim organisms, the 
living things of nature. It is from and through them 
that wo first learnt to look upon the whole of nature 
as having a history and a life, imperceptibly wo ha\e 
been led to study life, the genesis of tilings, on the huge 
scale and in the abstract, and in doing so liave lust sight 
of the life which gO(ss on around and near us. Uoth the 
morphological and genetic views of nature sta-iled with a 
biological interest, but have gradually lost sight uf it. 
It is time to come back to it aii<l to see what real 
progress has been made during our century in the study 
of life itself — the truly biological view <h‘ nature. This 
will he the object of the next chapter. 
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CHAPTER X. 

ON THE VITALISTIC VIEW OF NATURE. 

In the foregoing chapters, where I have treated of the 
several distinct aspects of nature which have become 
helpful in science, I have always used the word nature 
in its widest sense as comprising everything which is 
revealed tc» us by our external senses, directly or in- 
directly. 

The title of the present chapter may suggest to some 
of my readers that I am now narrowing down the mean- 
ing of the word, — the vitalistic view of nature being 
possible only where life is present. The astronomer 
might say, Life is only known to exist in an infini- 
tesimally small portion of the universe, on the surface 
of our planet. This infinitesimal area has nevertheless 
for us the greatest importance, inasmuch as all that 
we know of the larger outlying world is only won by 
inference from observations made in this restricted por- 
tion. Independently of this, the conception of life itself 
has always fluctuated between the two extremes of con- 
sidering it as a universal property of all matter, or on 
the other hand as quite a casual and accidental occur- 
rence attached to conditions which, from a wider point of 
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view, are extremelj rare and exceptional. Between these 
two views, the cosmical and the terrestrial, the wider ^ 
and the narrower views of life, biological theories have 
fluctuated even in our centurj, and are still fluctuating 


^ One of the foremost upholders 
of the wider conception of anima- 
tion as a universal property of all 
matter is the celebrated G-erman 
naturalist, Prof. Erii&t Haeckel of 
Jena. See, inter alia, his Address 
“Ueber die heutige Entwickeluiigs- 
lehie im Verh.iltinsse zur Gesaninit- 
wihsenschafb,'’ 1S76, lepriiited in 
‘Ge&ammelte popuhire Vortrage,’ 
&c., part ii , Bonn, 1879, p. 119: 
“The leceiit controversies regai-d- 
ing the properties of the Atoms, 
which we must accept in some form 
or other as the ultimate elemen- 
tary faotoi ft of all jihysical and 
chemical processes, seem to be most 
easily settled by the aHsum[)tion 
that these smallebt particles of mass, 
as centre.-, of force, possess a per- 
manent soul, that every atom is 
endowed with sensation and mo- 
tion,” &c , p. 109: “Arriving at 
this extreme psychological con- 
sequence of OUT inoiii.stic doctrine 
of development, we attach ourselves 
to those ancient conceptions as to 
the animation of all matter which, 
in the philosophy of Democritus, 
Spinoza, Bruno, Leibniz, Schopen- 
hauer, have already found varied 
expression.” The co.-^inieal origin 
of life has also ]>een put forward by 
such authorities as Helmholtz and 
Lord Kelvin, as long ago as 1871. 
(See Helmholtz’s lecture ‘*On the 
Origin of the Planetary System,” 
‘Popul. Vortrage,’ &c,, vol. ii p, 
91, and Lord Kelvin’s celebrated 
address to the Brit. Assoc, at Edin- 
burgh in 1S71, reprinted in ‘ Pop. 
Lects./ &c., vol. ii. p. 199, &c.) 
This theory of “Panspermia,” of 
the cosmical or ubiquitous nature of 
the germs of life, has also been pro* 
posed by biologists such as H. E. 

VOL. II. 


I Richter (1865), and haft been more 
fully elaboiated by Prof. \V. Preyer 
j since the year 1880 : it has received 
; furthei support in the genetic 
tlieorie.s of the chemical elements 
and compounds put forward by 
him in 1891 (* Die organischen 
Elemente und ihre Stellung im 
Sj'stem,’ Wiesbaden), and in 1893 
UDas geneUsclie System dei chem- 
ischen Elemente,* Berlin). Of the 
fourteen ole men ts which are 
common to organic substance.s, he 
says (p. 49) “ that they belong to 
the oldest elements”; that “they 
admit of more varied relations,” 
and “agree with the assumption 
that, before being condensed as at 
present on the .surface of the earth, 
they formed at higher tempera- 
tures uioie stable protoplaftms 
which might be in other places the 
carriers of life ” ; and he has no 
doubt “that there existed before 
the present terrestrial phytoplasma 
and zooplasxna another plasma, 
wliicli ultimately came from the 
sun ” (p. 50). In fact, Prof. Preyer 
ask.s whether, instead of living 
being evolved from dead matter, 
the latter i-s not rather a product 
of the former. See also the refer- 
ence to organic evolution as a 
cosmical process in Sir N. Lockyer’s 
‘Inorganic Evolution’ (1900, p. 
168). In many of the writingb of 
the celebrated German physicist 
and philo.sopher, Gustav Theocl. 
Pechnor, the fact is emphasised 
that we never see the organic de- 
veloped out of the inorganic, but 
that everywhere the living gener- 
ates not only the living but more 
frequently the inanimate. See 
Lasswitz, *G. T. Fechner,’ Stutt- 
gart, 1896, p. 130, &c. 
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ITo theory of the nature and origin of life has gained 
universal acceptance: the very alphabet of biology, or 
the science of life, has still to be written. We fancy 
we possess some knowledge of certain forms or processes 
which are common to all living matter, but the descrip- 
tion of these has to be kept in the most general, not to 
say the vaguest, terms : quite unlike the rudiments of 
other scientific theories which deal with mathematically 
defined conceptions expressed in distinct language and 
formuhe. 

2. I^or instance, if we take one of the best founded of 

Vaj'ueness 

theonci?^^“^ Hiodem biological theories — the cellular theory ^ of 
living matter — we notice that the pretty definite 
description which the early supporters of this theory — 
Schleiden and Schwann — gave of this inorpliological 
unit of vegetable and animal structure has been dis- 
placed by much vaguer descriptions. Schleiden and 


^ Tile history of the cellular 
theory has heeu written from vari- 
ous pomts of view in all the three 
languages. I give the titles of a 
few out of the great abundance 
of excellent treatises. Foremost 
stands the work of Prof. Oscar 
Hertwig of Berlin, ^The Cell; 
Outlines of General Anatomy and 
Physiology.’ English transl. by 
Campbell (1895), Then there is 
the more recent book by Prof. 
Valentin Hacker of Freiburg, 
‘ Praxis und Theorie der Zel- 
leu- und Befruchtungslehre ’ (Jena, 
1S99). In the French language 
we have the great compendium of 
biological theoiies by M. Yves 
Belage, ‘La Structure du Proto- 
plasma et les Theories sur I’Her- 
dc1ite/&;c. (l^aris, 1895). In English 
we have the valuable treatise of 
Prot. E. B. Wilson, ‘The Cell 


in Development and Inheritance ’ 
(1896), and the excellent little work 
of Prof. James Arthur Thomson, 
‘The Science of Life* (1899). Of 
high importance are also the older 
works of the great master and 
briUiant expositor in biological 
science, Claude Bei nard, notably 
Ills celebrated lectures entitled 
“Legons sur les Phenomcnes de la 
vie commuus aux aiiimaux et au.x 
vegetaux” (1878 and 1879), which 
every philosophical student of 
biology should read, as well as his 
excellent posthumously published 
little work, ‘La science experi- 
mentale,’ 1890. Of him M. Dumas 
says that he has “ epuisd ses forces a 
Pctude du grand mysture de la vie, 
sans pretendre a pdmHrer toutefois 
son origine et son essence” (‘Sci. 
Kxper.,’ p. 6). 
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Schwann defined the cell as ‘‘ a small vesicle with a 
firm membrane enclosing llnid content/’ ^ But the 
cellular theory was gradually replaced by the proto- 
plasmic theory of Max Sehultze, the distinct membiane 
was found to be frequently absent, and there only 
remained '‘a small mass of protoplasm endowed with 
the attributes of life.” The cell, which had once been 
compared to a crystal, Ijecame a very complicated and 
indefinite thing : it beeaiue, in the conception of 
biologists, an ‘'organism.”- Further, the nucleus oi 
kernel to which Schleiden attached great importance 
in his cellular theory was, for a while, quite lost sight 
of — it being for a long time held that there exist non- 
nucleated cells. Elaborate theories, such as that of 
Haeckel,'^ were founded upon this view, till in more 


^ (J. Hertwig, ‘ The Cell,’ p. 5 u. 

- Treatises on the subject now 
usually begin with an apology, the 
word cell being considered iniHlead- 
ing. Thus Hertwig say.s {he. ciL, 
p/S), “ It IS evident that the term 
‘oeir is incorrect. That it has, 
nevertheless, been retained may be 
pui tly ascribed to a kind of loyalty 
to the vigorous combatautfcj who 
coiKiuered the whole held of his- 
tology under the banner of the 
cell- theory, and partly to the cir- 
cumstance that the discoveries 
which brought about the new re- 
form were only made by -degrees, 
and were not genei-ally accejited at 
a time when, in consequence of its 
having been used for several de- 
cades, ^the word cell had taken 
firm root in the literature of the 
subject.” 

“Since, m consequence of the 
inadequacy of former methods, no 
nuclei had been discovered in maxjy 
of the lower organisms, the exist- 
ence of two kinds of elementary 


cells was assumed — more himple 
ones, consisting only of a mass of 
protoplasm, and more complex ones, 
which hud developed in their in- 
tcritir a special organ, the nucleus, 
The former were t‘ailed cytodos by 
Il.ieckel (1800), to the simplest 
solitary forms of which bo gave the 
name of Monera; the latter lie 
called celluh^, or cytes lJut since 
then the asjiect of the question 
has been considerably changed. 
Thanks to the improve men ts in 
o}»lical instruments and m staining 
luetliods, the existence of organisms 
without jiuclei is now much ques- 
tioned/’ (Hertwig, ‘ The Cell,’ p. 
154. See also Hacker, ]i. 209. ) On 
the other side M. JJelage says 
(‘ L’Hercditt^,’ p. 37), ^ Apre^ avoir 
<lccouvert uu noyau chess la i>lui>art 
des moneres et des cytodcs vt, 
inome che«; les Bactcries, on par 
une induction a nion sens uu peu 
hative, me' roxisteuce d’organismes 
.sttnis noyau.” 
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recent times, owing to improvements in the microscope, 
the existence of organisms without nuclei has become 
doubtful. To complicate matters still more, to the 
nucleus have been added the nucleolus, the vacuoles, the 
central or pole corpuscles of the cell, &c. It is tj^uite 
evident from this short reference to the changes which 
the definition of the morphological uuit of living matter 
has undergone, that no complete and accurate descri])- 
tion lending itself to measurement and calculation could 
be based upon it. The conception, useful as it may 
be, has therefore not permitted of predictions, such as 
mechanical, physical, and even chemical science, abound 
in. “ Has one ever,” says Delage, ‘‘in a single instance 
divined in advance the least of those structures which 
the microscope has unveiled ? Has one divined the 
transverse striation of muscles, the cilia of vibratilo 
epithelia, the prolongations of nerve-cells, the action 
of the retina or the arcades of Corti, the chromosomes 
of the nucleus, the centrosome of the cy to])lasma ? ” ^ 
Or, to take an example not from the morphology ])ut 
from the physiology of organic cellular bodies. It is 
a very general and a very useful property of cells that 
they readily absorb substances ; in fact, this property 
is one of the most valuable aids in microscopic exani- 


J ‘L’HLTciaitiV &c., 1*. 746. 

Prof. Weismaiin, hi his celebrated 
* hlssayB upon Heredity ’ (Engl, 
transl. by Foultoii, &e., p. 255), 
claims ftjr the theory of descent 
that “ it has rendered possible the 
prediction of facts, not indee<I with 
the absolute certainty of calcula- 
tion, but still with a high degree of 
probability. It has been predicted 
that man, who, in the adult state, 


only poBsesses twelve jjairs of ribs, 
would be found to have thirteen or 
fourteen in the embryonic state ; 
it has >‘een predicted that, at this 
early period of his existence, he 
would ])0.ssoss the insignificant 
remnant of a very small bone in 
the wrist, the so-called os Qmtmh\ 
which must have existed in the 
adult condition of his extremely 
remote ancestors.” 
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illation, insomuch as the different behaviour of different 
parts of the cellular body towards organic staining 
solutions reveals to the observer differences of structiue 
otherwise indistinguishable. Yet Professor Pfeifer,^ who 
has studied the absorbing powers of cellular substances 
wdth much care, states that these cannot in the least 
be foretold, but can only be determined empirically , 
nor is the fact that ceils require some substances for 
their life, while others are harmful, sufficient to 
enable us to predict that either will be absorlied ur 
rejected. Again, hybridisation has been much studied 
by gardeners and breeders, and also, since the time of 
JJarwin, by naturalists ; nevertheless, the result of cross- 
fertilisation of individuals belonging to different families 
or species, or even only to different varieties ” cannot lie 
theoretically foretold, but “can only bo discovered by 
means of experiment.” ^ 

This ignorance in which we are still placed as to the 
forms as well as functions of living matter, has been a 
subject of much comment by biologists all through the 


1 See W. Pfeffer, ‘ Ueber Aui- 
iialime von Anilmfavbon in lebeiide 
Zellen.’ Unternuchungen aus dein 
botaiiiHchen Institut fiu Tubingen. 
Quoted by IJertwig, ‘ The Cell,’ p. 
13rt. 

“ Hertwig, ‘The Cell,' p. 310. 
Another point, strongly urged }>y 
Claude Bernard, is, that a knowledge 
of structure in living beingw — i.r., 
anatomical knowledge — in no wise 
sutHces to explain the functions, does 
not lead to physiological knowledge. 
See ‘ La Science Exp<$riinentale, p, 
105, “ L’impuissance de ranatumiea 
nous apprendre les fonctions organ- 
it^ues devient surtout uvidentedaus 
lea cas particuliers oh elle est 


reclmte ii elle-mcnae. I^our les 
organes sur les usages desquels 
la physiologie exjahimentale n^a 
encore rieu dit, ranatojnie reste 
absoluuient muctte. O’est ce cjui 
a lieu par exemple jiour la rate, 
left capsules surrbnale.s, le corps 
thyroide, &c., tous organes clout 
nous connaissons parfaitement la 
texture auatoraique, mais dont 
nous ignorons comidbtcmeut lew 
fonctions, De niume, <iuand sur 
un animal on docouvre uu tissu 
nouveau ei Kans analogue dans 
d’autres organi&mes, Banatomie est 
incapable d’en ddvoiler les jtro- 
pri^tes Vitales.’* 
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century, nor can it be stated that uniformity of opinion 
exists even yet as to the cause of this ignorance. The 
enormous progress which has been made in our know- 
ledge of the different properties of living things has had 
an effect on the minds of those searchers to whom 
we are mostly indebted for it, similar to that produced 
on a wanderer who ascends an unexplored and distant 
peak. Ever and anon, after scaling the eminence just 
before him, he beholds a new and greater one rising 
into view, which he contemplates with mixed feelings 
of discouragement and of eager desire for advance. 
But whereas our wanderer must know that the very 
greatest height or distance is none the less a measurable 
and attainable quantity,' what hope has the biologist to 
encourage him on his way ^ No other — as it appears 
to some — than the assurance that he is all the time ox- 
, ploring an unknown country, whereas the final achieve- 

ment is impossible to him through the inaccessibility 
of the position or the limitation of his own powers. 
Others, indeed, from time to time have not taken this 
despondent view, but, elated by the triuniphv=s which 
every new step has afforded them, have persistently 
maintained that some day the last step will be taken 
and the central ])eak really gained. 
oseiulVo history of biological thought, as distinguished 

biological knowledge, presents us with the spec- 
tacle of a repeated oscillation between these two ex- 
treme vie%vs : on the one side the continually recurring 
conviction that the problem of life is insoluble, and, 
on the other, the assertion that it is soluble, though 
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it is admittedly as yet unsolved. Biological know- 
ledge itself has progressed on the same lines as chem- 
ical, physical, and mechanical knowledge; it registers 
the progressive conquest of new regions of phenomena 
exhibited by living matter tlirough the methods which 
have been discovered in the abstract sciences : but it has 
generally been felt that this knowledge does not ex- 
haust the subject ; that there is some principle involved 
which W’e know not ; and that we cannot think about 
the living portion of creation without consciously or un- 
consciously admitting the existence of this principle. 
The unknown — nay, possibly, the unknowable — element 
or factor must be admitted to exist, and it involuntarily 
Lmverns our reftections on that which we know. To 
show the difference between reflections on biological ami 
on other phenomena, which, thongh equally unknown, 
yet do not contain an admittedly unknown factor, it 
may be useful to refer to the scientific way of deal- 
ing with meteorological phenomena. The science of 
meteorology is probably as young as that of biologj', 
if not younger. Prediction of the weather is probably 
even more uncertain than the prognosis of a physician 
at the bedside of a patient suffering from a malignant 
disease. Yet no one would suggest that there is a 
special meteorological principle involved, as in the case 
of the phenomena of life and death there is a special 
biological principle. We are quite satisfied that purely 
mechanical and physical and possibly chemical pro- 
cesses make up the whole of the weather problem, 
and that the difficulty of the latter is simply one of 


5 . 

Tliff un- 
known 
factor. 
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complexity and intricacy. A similar^ attitude has in 
the course of our century frequently been taken up 
with regard to the problem of life, but it has always 
been abandoned again,^ We are still told that “ in 


^ See, for instance, what Huxley, 
who, in his earlier writings, might 
he termed a vitalist (cf. his ad- 
dress “ On the Educational Value 
of the Natural History Sciences,” 
18o4, and his own criticism thereof 
in the preface, dd. 1870, in ‘Lay 
Sermons and Addresses’), says in 
his article “Biology,” 1876, in the 
‘ Ency. Brit.,’ vol ni. p. 681 : “A 
mass of living protoplasm is simply 
a molecular machine of great com- 
plexity, the total results of the 
working of which, or its \dtal 
phenomena, depend — on the one 
hand, upon its construction, and 
on the other, upon the energy 
supplied to it ; and to speak of 
‘vitality’ as anything liut the 
name of a series of operations, is 
as if one should talk of the ‘hor- 
ologity’ of a clock.” Similarly 
Claude Bernard, in his ‘ Lei^ons sur 
les ph^iiomones de la vie,’ &c., vol. 
i. p. 379, says: “En un mot, le 
phenomene vital est pre-dtabli 
dans sa forme, non clans non ap- 
parition. ... La nature est in* 
tentionelle dans sou but, mais 
aveugle dans I’execution. ” Both 
Huxley’s comparison of an organism 
with a clock and the quotation 
from Claude Bernard suggest a 
parallel between the dictum of 
Archimedes : “ /mot irov cttw teal 
rhv K6<r/xop and a possible 

one of a biologist: “Give me an 
organism, and I wnll explain its 
action mechanically.” In another 
place Claude Bernard says {loc. 
li. X). 624) : “ L’^l<5ment ultime du 
ph<^iiom6ne est physique ; I’arrange- 
ment est vital.” 

2 Examples of this could be 
multiplied indefinitely. I take 
one from an entirely different 


field. Prof. Kernel' von MariUun, 
the celebrated botanist, says (‘The 
Natural History of Plants,’ tran&l. 
b}' Dr Oliver, 1894, vol. i. p. .52) 
“In former times a special force 
was assumed — the force of life. 
More recently, when many plien- 
omena of plant life had been suc- 
cessfully I'educed to simple chemical 
and mechanical processes, this vital 
force was derided and effaced from 
the list of natural agencies. But 
by what name shall we now desig- 
nate that force in natui'e which is 
liable to perish whilst the proto- 
plasm suffeis no iihysical alteration, 
and m the absence of any extrinsic 
cause ; and which yet, so long as 
it IS not extinct, causes the ]jioto- 
plasm to move, to inclose itself, to 
assimilate certain kinds (jf fresh 
matter coming within the sphere 
of its activity and to reject others, 
and which, when in full action, 
makes the protoplasm adapt its 
movements under external stim- 
ulation to existing conditions in 
the manner which is most ex- 
pedient '<* This force in nature is 
not electricity nor magnetism; it 
is not identical with any other 
natural force, for it manifests a 
series of characteristic effects which 
differ from those of all other forms 
of energy. Therefore I do not 
hesitate again to designate as vital 
force this natural agency, not to 
be ideiitified with any other, whose 
immediate instrument is the proto- 
plasm, and whose peculiar effect 
we call life.” Another example 
is that of Prof. Virchow, to whom 
we are indebted for the great rev- 
olution which the application of 
the novel conceptions of the cell- 
ular theory has worked in the 
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accepting a mechanical conception/’ we must not '' fall 
into the very common mistake of trying to explain vital 
processes as being due directly to mechanical causes.” 
It has been quite as impossible to banish the word 
life from the biological vocabulary as it has been to 
banish the word '' ought ” from the ethical. Biological 
knowledge has become purely chemical, physical, and 
mechanical, but not so biological thought. The question 
“ What is life ? ” still haunts us. Let us see what i)osi- 
tion the foremost representatives of modern biological 
research have taken up to this question. We lind that 
they can be divided into two classes. 

First, there are those who have studied tlie pheno- 
mena of living matter solely by the means whicli tlie 
advancing sciences of dynamics, physics, and chemistry 
have placed at their command. To them biology is an 
applied science. The question What is life ? ” is, ac- 
cording to their view of method, only to be solved by 
degrees, by bringing the forms and processes manifested 
in the living world more and more under the sway 
of observation, measurement, and possibly calculation. 
The central problem as to the essence of life and the 


field of pathology. After having 
assisted in banishing the older 
vitalism, lie, to the dismay of 
many of his own school, reintro- 
duced the conception of a vital 
principle in a well-known review 
entitled “Old and New Vital- 
ism,” in his own journal (vol, 
ix. p. 20). “ Indeed, the living 

body consists, so far as we know, 
of substances of the same kind 
as we find in ‘lifeless nature,’ and 
these substances have not only 
no other properties and powers in 


the living body, but they do not 
even lose any of them. , . . Never- 
theless, we cannot see how the 
phenomena of life can be under- 
stood simply as an assemblage of 
the natural forces inherent in those 
substances : rather do I consider it 
necessary to distinguish as an es- 
sential factor of life an inijiressed 
! derived force in addition to the 
molecular forces. I see no ob- 
I jection to designating this force by 
the old name of vital force. ” 


fi. 

Tlie purely 

soientilJC 

iispcct. 
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consensus of many mechanical, physical, and chemical 
p)rocesses in the living organism does exist, but it can 
only be answered by attacking it from all sides and 
reducing it to ever narrower issues. The stronghold in 
which life is intrenched is to be conquered by surround- 
ing it on all sides by the attacking forces of dynamics, 
physics, and chemistry. It will have to yield some day, 
though that day may be far off. The number of those 
who treat biology in this way has increased very much 
ever since Descartes,^ and still more Lavoisier, applied 


^ The claims of Descartes to be 
considered as one ot the founders 
of modern physiology are put for- 
ward by Huxley in seveial of his 
addiesses, notaldy in that of ‘On 
Descartei*)’ iJiscours,’ &c., 1870 
(‘Lay Sermons,’ &c., p. 279); and 
in that on ‘The Connection of the 
IJiological Sciences with Medicine,* 
1881 (‘Science and Culture,’ p. 
3*25 ). In the latter address he say^ : 
“Now the essence of modern, as 
contrasted with ancient, physio- ' 
logical science, appears to me to i 
lie ill its antagonism to animistic [ 
liypo theses and animistic phrase- ^ 
ology. It offers physical explana- ■ 
tions of vital phenoincna, or frankly 
confesses that it has none to offer. 
And, so far as I know, the first 
person who gave expression to this 
modern view of physiology, who I 
was bold enough to enunciate the | 
proposition that vital phenomena, i 
like all the other phenomena of the 
physical world, are, in ultimate 
analysis, resolvable into matter and 
motion, was Rene Descartes. . . , 
And ah the course of his specula- 
tions led him to establish an 
absolute distinction of nature be- 
tween the material and the mental 
worlds, he was logically compelled 
to seek for the explanation of the 
phenomena of the material world 


within itself” (p. 38.5 j It is in- 
teicsting to contrast with tliis 
aiinounccmeut of the banishment 
of the animistic aspect from modern 
physioli>gy wliat Prof. Bunge says 
in the introductory chapter to his 
well-known ‘Text-book on Physio- 
logical and Pathological Chemistry’ 
(Engl. transL by W’oolridge, 1890) : 
“ The mystery of life lies hidden in 
activity. But the idea of action 
has come to us, m^t as the result of 
sensory perception, but from self- 
observation, from the observation 
of the will as it occurs in our 
consciousness, and as it manifests 
itself to our internal sense” (p. 7). 
“ ?h3\siological inquiry must com- 
mence with the study of the most 
complicated organism, that of man. 
Apart from the requirements of 
practical medicine, this is justified 
by the following reason, which leads 
us back to the starting-point of our 
remarks : that in researches upon 
the human organism we are not 
limited to our physical senses, but 
also possess the advantage afforded 
by the ‘internal sense’ or self- 
observation” (p. 11). “The essence 
of vitalism does not lie in being 
content with a term and abandon- 
ing reflection, but in adopting the 
only right path of obtaining know- 
ledge, which is possible, in starting 
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tke purely scientific or exact method to the study of 
the organism. 

But biology is not only a subject of purely scientific 
interest. Thei’e is a second and larger class of students 
— those who study biology as the basis of the art of 
healing, the medical profession. To them the question 
of life and death, of the normal or abnormal co-opera- 
tion of many processes in the preservation of health 
or the phenomena of disease, is of prime interest : the 
knowledge of the mechanical, physical, and chemical 
properties and reactions of living matter, of the con- 
struction of the organs and their functions, is only the 
means to an end. Before the time of Lavoisier, witli the 
solitary exception of Descartes, biology was studied only 
by medical men , indeed to them both the existence and 
the progress of the science were entirely clue. Bor them 
the paramount questions must always be, “What is life ? 
What is its origin ? What is death ? What are its 
causes ? What is disea>se ? ” To this class of students we 
are indebted for again and again bringing forward and try- 
ing to answer these fundamental, these central questions.^ 

By the other, the smaller yet increasing class of purely 
scientific l)iologi8ts, we are being continually told that 
these questions are premature or metaphysical,^ and 


from what we know, the internal ; 
world, to explain what we di) not | 
know, the external wwld” (p. 12). 

^ 8ee, for example, the two very | 
interesting and suggestive addresses 
by Prof. Ed. von EindfleiHch of 
Wurzburg, * Arztlich Philoso- 
phie ’ (Wurzburg, 1888), and ‘ Neo- 
VitalismuH ’ (Verhancll. d. ^ peg, 
deutscher Naturforscher und Arzte 
zu Lubeck, 1895, vol i. p. Ill), 


^ See Claude Bernard, ‘La Science 
Experimentale,* 3™® ed., p. 211 : 
“La vie est I’idde directrice ou Lt 
force evolutive de Tetre ; . . . umis 
I’erreur aerait de croire que cette 
force mdtaphysique est active h la 
fa<Joa d’nne force physique. . . , 
La force radtaphysique evolutive par 
la<|ueUe nous pouvons earacteriser 
la vie est inutile k la science, 

I parce qu^etant en dehors dew forcc'^ 


Influence of 

lUHdiciTie. 
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that the answer which we may give to them is of no 
scientific importance and of no scientific value. The 
question, What is electricity ^ What is the ether ^ 
cannot yet be answered ; nevertheless the sciences which 
deal with the properties of the ether or of electrical 
bodies are advancing daily. So also — we are told — 
does the science of biology progress, even though we 
leave the question What is life ? ’’ unanswered. This 
would be a tenable position if the living organism were 
like an electrical or an optical apparatus, constructed by 
man himself with the modicum of knowledge which he 
possesses. But the living organism, the eye that can 
see or the nervous system that is in action, or even the 
smallest “ autonomous ” cell, visible only with the micro- 
scope, are each an apparatus constructed by nature with 
the employment of all the intricate agencies which are 
at her command. In dealing with such an apparatus, 
we are again and again tempted to ask, “ What is life ? 
On what does the normal and healthy co-operation of 
all parts in the living organism depend ? In what does 
it consist ? Fragmentary knowledge may be well 
enough so far as it goes, but every medical practitioner 
must painfully feel it to be altogether insufficient. 
Where practical interests are involved we cannot in- 
definitely postpone our answers. Science can wait and 


physiques elle ne peufc exercer 
aiicuue influeuce sur elles. 11 faut 
done ici i^eparer le monde meta- 
physique du monde physique phe- 
nomenal qui lui sert dc base, mais 
qui n*a neu lui emprunter, . . . 
En resume, si nous pouvons definir 
la vie a I’aide d’uiie conception 
metaphysique speciale, il n*en reste 


, pas ixioins vrai que les fox’ces me- 
I caniques, physiques, et chimiques, 
sont,seules les agents efiectifs de 
Torganisme vivant, et que la physio- 
logiste ne peut avoir h tenir compte 
que de lour action. Nous dirons 
avec Descartes: on pense meta- 
physiquement, mais on vit et on 
agit physiquement.” 
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content itself with the known and the knowaLle. Prac- 
tice is placed face to face with the unknown and the 
unknowable.^ Thus the question will again and again 
he asked, '' What is life ^ ” And for the benefit or 
in jury of mankind theories will exist wliich profess to 
handle this delicate problem successfully, even as 
weather-prophets will always exist though the necessary 
knowledge for accurate prediction is still wanting. 

One of the first in time and eminence in the course of 


the nineteenth century to 

^ See what Theocl. nu«clioff, one 
of the HiiSt and toremoht Oerman 
anatumihts of tlie uew Rchf)ot 
ill his oi Liebi<’ (Miincheii, 

]871j, i>. 60. “ luorgaiiiu wcieiice ih 

not any way induced and is tnu(?]i 
loss obligecl to forsake the roa<l 
fioiu the kiujwn to the unknown. 
Hut what w’ould have been the 
lesult, what would .still be the 
result, if, in all our rosenrches into 
organi.sed nature, and yet in<»re in 
all our actions which have refer- 
ence to our state of health or ill- 
healtli, we luul proceeded, or were 
now to proceed, only from data 
firmly estaldished as to cause and 
conneeiitui ^ Could we then 8o much 
as take a mru’scl into our mouths 
or treat a euhl citherwiso than with 
fear and trembling PhysiDh>gi.st.s 
and doctors have surely always been 
ready to proceed according to the 
methods of exact .science so far as 
this w^as developed. Uut ho long an 
this gave but a stone instead of 
bread, acceptance could not be 
thought <)f ; necessity compelled 
us to make some attemj>t towards 
the solution of (|ueKtion«, to invent 
some language in order to gain an 
understanding ; and through this 
fref|ueiitly an erroneow procedure 
has arisen which outlives the means 
for its correction.^’ “ Physiology,” 


irhom w’e are indebted, not 

say.s !)u Dois lleymond (bloce of 
Joh Muller, ‘Reden,’ \o]. ii. p. 
11)9;, '‘i.s the only science in which 
one iH obliged to speak about tlung.s 
whuh one does not know. Chem- 
ihtiy need not treat of unknown 
compounds, nor physics of undis- 
covered force.s ; botany and zoology 
do not mind what kind of animals 
may still move about unknown 
among unknown vegetation in un- 
ex ploreil regions. But in physi- 
ology, even if we confine ourselve.s 
to man, a definite number of thing.s 
is given whii h must be dealt wath. 
The spleen, the thyroid gland, the 
thymus, the suprarenal cap.sule.s ; 
many parts of the brain, ganglia, 
norve.'i, the labyrinth of the ear — all 
these are there, and must, according 
I to the customary vicw% be there for 
something. Manifold suppositions 
as to the functions of these parts, 
seemingly suppoi ted or invalidated 
by patliological experience, have 
put in the place of absolute dark- 
nc.’is a twiliglit which is richer in 
delusions though not in certainty. 
The expounder of our science i.s 
obliged to lead his pupil.s through 
this twilight on an anxious path, 
and then meet in return with that 
discouragement which really is 
owing to the subject itself.” 


8 

Practice 
urges tlic 
((uestion : 
Yliat IS 
h^fo ^ 
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Bichat. 
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indeed for the name, but for the modern science and 
direction of biology, was Xavier Bichat, who during the 
short period of his remarkable career (1771 to 1802) 
remodelled biological studies. He approached the sub- 
ject from the side of medicine and in a philosophical 
spirit. In 1800 there appeared two treatises, one 
on the membranes and tissues, and another entitled 
liecherches physiologiques sur la vie et la mort.” 
These by their titles already reveal the twofold aspect 
<jf biological science which drew the attention of Bichat 
and his school. First, the attempt to reform biological 
and medical knowledge by a close anatomical examination 
of organic tissues in their normal and diseased states, for 
the purpose of which he, within a very short time, ex- 
amined six hundred corpses. The fuller account of his 
researches is given in the four volumes of the ' Jinatomie 
Geucrale' (1801) and in the posthumous live volumes 
of the 'Anatomic Descriptive,' completed by some of 
his numerous pupils and followers after his death. In 
these works Bichat created the science of histology 
without resorting to the microscope, which was to do 
such good service in the hands of those who came 
after him, and without tliat application of physical and 
chemical principles which during his time (notal^ly 
by Lavoisier and his school) had been applied with 
inucli success in the theory of animal combustion and 
in the foundation of another new science — that of 
organic chemistry. The reasons which inclined Bichat 
to distrust the microscoxje were the delusive nature of 
the levelations of the imperfect instruments then in use. 
They disappeared when, in the course of the next thirty 
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years, the instrument was gradually improved. The 
reasons which x^iwented Bichat from treating biology 
as an application of physics and chemistry lay deeper, 
and were rooted in the second great idea which governed 
him and his school — his “ Mtalisiu.” As staled above, , lo. 
those who have studied the phenomena of life can be ^aaiism. 
divided into two classes. There are those who have 
been struck by the I'esemblance of the processes and 
phenomena in living matter with those in dead or 
unorganised matter: their attention has been directed 
nioie and more to establishing a parallelism between 
organic and inorganic nature, an<l they have fre- 
cpiently ended in the conviction that their parallelism 
warrants us in asserting their ultimate identity, Theie 
have been others who have been impressed with the 
essential and fundamental dillerence between organic 
and inorganic processes and phenomena. To them, all 
attempts to reduce the living process to a mechanism 
seem to have failed, and however much they have ap- 
preciated the insight gained by the other class of 
students, they have deemed it equally important to 
emphasise the essential difference — the independence, 
originality, and incommensurability of the i)henomena of 
life. The latter can he called Vitalists in the Vu-oadest 
sense of the term. Bichat belonged to them. As the 
former class of students have frequently arrived at the 
thesis that organic and inorganic processes are ultim- 
ately identical, so the latter have frequently arrived 
at the thesis that they are fundamentally opposed ami 
antagonistic. Bichat gives expression to this view in m 

^ Ills df tin i*- 

his celebrated delinition of life, as the totality of those 
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functions which resist death. He adopts, on the one 
side, the method of looking for the explanation of the 
phenomena of matter in the properties of matter. In 
the introduction to the ‘Anatomie Generale,’ he says : ^ 
“The connection of the properties as causes with the 
phenomena as effects is an axiom which has become 
almost tiresome to repeat nowadays in physics and 
chemistry: if my book establishes an analogous axiom 
in the physiological sciences, it will have fulfilled its 
purpose.” But being convinced of the essential difference 
of the object with which the physiologist is concerned, 


^ Claude Bernard (1813-78), from 
whose various writings the passages 
of Bichat are mostly taken, has very 
fully analysed the theoretical views 
of Uis eminent predeoessor. The 
following books belong to the best, 
in substance and notably in style, 
that have been written on the sub- 
ject . ‘ La Science Kxperiineiitale,’ 
3”^' ecb, 1800; ospeoially ; Mlelim- 
tioii (le la vie,' p. i49, &c. ; * Ije(;on8 
sur les Ph(5iioiu5nes de la vie com- 
rnuns aux animaux ot aux vege- 
taux,’ 1878, especially vol. i. p. .57, 
&c. ; ‘Kapport sur les progrcs et 
la liiarche de la Physiologic gdndrale 
en France,’ 18G7. Introduction. 
Althougli Bichat was a vitalist, he 
took a first <iud important step iu 
the direction of getting out of the 
vitalistic conceptions which he in- 
herited from Haller, and which had 
aissumed a special form in the 
Montpellier school. Through his 
foundation of phy.siological research 
upon an anatomical study of tissues, 
he localised the problem of physi- 
ology, Had he proceeded further 
on the lines he himself started, he 
would have thrown off, like his 
successors, notably Magendie, the 
hypothetical distinction between 
physical, chemical, and vital pro- 
perties, and become a pure ex- 


perimentalist. The founder of this 
purely experimental school in 
France was Magendie (1783-1855), 
It is interesting to note that jirior 
to Magendie in h’j’aiice, Charles 
Bell in London had led up to 
experimental physiology in Eng- 
land by his famous distinction be- 
tween sensory and motor nerves 
(1811) But, according to Claude 
Bernard, this anatomical distinction 
required experimental verification 
in a living animal. Magendie 
furnished this in 1822, and, together 
with this corner-stone of modern 
physiology, laid the foundations of 
the art of vivisection, with all its 
wonderful discoveries and its dis- 
favour in certain quarters. There 
is no doubt that for many years 
Paris became, through this in- 
novation, the centre of medical 
teacliing on the Continent. As t<* 
the distinctive merits of Bell and 
Magendie, see Claude Bernard’s 
exhaustive examination (‘Physiol, 
gen.,’ p. 11, &c.), but also Hu Bois- 
Heymond’s Eloge of Johannes 
Muller (‘Beden,’ vol. ii. p. 178, 
&;c.) According to him the 
“Thesis” of Bell was not generally 
considered to be proved till after 
Muller’s experiments in 1831, 
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he does not advance to the position that the same 
method will lead to parallel results. There are,” he 
says, “in nature two classes of things, two classes of 
properties, two classes of sciences. Beings (things) are 
organic or inorganic, their properties are vital or non- 
vital, the sciences are physical or jjhysiological/' He 
did not anticipate that a faithful examination of the 
properties of organised matter, of membranes and tissues 
— which should not be limited to lifeless corpses — would 
more and more reveal that their properties, the forces 
acting on and in them, could be analysed into the 
same forces as those we find in the inorganic world.^ 


^ Accordiiiy to Claude J3eniard 
(‘Phytoiol. gun.,’ p. 5, &c.), three 
things were wanting at the be- 
ginning of the nineteenth century 
to place physiology on a satisfactory 
basis. The first — anatomical know- 
ledge of the structure of living 
matter — was brilliantly established 
by Bichat. But Bichat was not a 
physiologist : he neglected the 
second requisite, the study of the 
continual conflict between the liv- 
ing organism and the mechanical 
influences of the ‘‘milieux,” the 
environment. “ II faudra ” — says 
Bernard-— “tenir comjite de deux 
ordres de conditions : 1°, des con- 
ditions anatomiques de la matiere 
organisee (j[ui donnent la nature 
ou la forme des phdnointnes 
physiologic lues ; 2°, des conditions 
physico - chimiques arabiantes qui 
determinent et reglent les mani- 
festations Vitales.” A third im- 
pulse was wanted in physiology : 
“il fallait la ramener definitive- 
ment h la mdthode des sciences 
experimentales j il fallait la pouaser 
avec vigueur dans, la direction des 
experiences sur les organismes 
vivants, afin de la ddtourner de la 

VOL. n. 


voie des bjpr Aliases et des explica- 
tion.s prehnaturees dans laquello 
elle s’etait si .sou vent egai’re. 
Uii grand phj siologisto fraiiraift, 
Magondie, mon maltre, est venu, 
au coinniencemeiit de ce sieele, 
exercer cette action gdndrale sur 
la science pliysiologique, eu rnume 
temps qu’il renrichissait par ses 
propres d(*couvertes. Magendie fut 
ele<^t!* dans rdcole anatomique de 
Paris, iiiai.s il n’etait point dispose 
suivre les succesaeura de Biciiat 
dans leurs explications hypotlu^*- 
tiquea. Doue <run esprit ju’ceis 
et penetrant, sceptique et in- 
dependant, il fut lie de bonne 
henre avec Laplace, qui le jmtroima. 
Par cette influence il &e trimva 
eiicoi'e furtifid dans son antipathie 
inude ])our les explications physi- 
ologknues dans lesquelle.s on ne 
se jmyait que de mots. Puis, 
par nne tendance spontanee de 
reaction qui, ii cette dpoque, fut 
tres utile ii la physiologie, xl 
s’arreta a rexpdrimentatiou em- 
pirique, c’est-ii-dire au rdsultat 
brut de I’expdrience considdree en 
dehors de toute interprdtatiou et 
de tout raisonnement.” 

2 B 
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Bichat, as Claude Bernard has told us,^ thus clearly and 
eloquently found the expression or ''formula for the 
fleeting ideas of his age. All the ideas of his con- 
temporaries regarding life, all their attempts to define 
it, are, in a way, only the echo and paraphrase of his 
doctrine.” We find it repeated by surgeons like Belletan, 
who practised in the Hotel Dieu, and by great naturalists 
like Cuvier, who founded comparative anatomy. To both 
of these life was a contest, a struggle, as it is at the end 
of the century to the Darwinians ; but it was a struggle 
of the living forces against the dead, whereas nowadays 
it is the struggle of the living for supremacy amongst 
each other or a process of adaptation to external condi- 
tions. Whilst there is this great difierence between 
12. these two views characterising respectively the begiii- 

Vitalusmand ^ ^ ^ , . 

Darwinism, ^^d the end of our century, they have one point 

in common — they both emphasise the unrest, the con- 
tinued change, the extreme mobility which distinguishes 
living matter. But even this distinction has ceased 
during the course of the century to impress us so 
much as it did Bichat; since the stability of the solar 
system proclaimed by Laplace has ceased to charm 
astronomers, and the dictum of ancient science has 
been refuted: “materiam coeli esse inalterabilem.” - 


^ ‘La Science Bxp<^nmentale,’ 
p. 164. 

Claude Bernard {loc, citf p. 
17 &c.) dwells on this point with 
great eloquence. * ‘ Aujourd’hui 
I’esiprit des astronomes esfc familiar- 
ise avec I’idde d’une mobility et 
d’une Evolution continuelle du 
inonde sideral. Les asfcres n’ont 
pas toujours existd, dit H. Faye ; 
ils ont eu une p<?riode de for- 


mation ; ils auroiit pareillement 
une ptiriode de d^clin, suivie d’une 
extinction finale. . . . Les as- 
tronomes, avant de connaitre les 
lois des mouvements des corps 
celestes, avaient imagined, de puis- 
sances, des forces sidirales, comme 
les physiologibtes reconnaissaient 
des forces et des puissances vitales. 
Kepler lui-mdme admettait un 
esprit recteur sid^ral par rinfluence 
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After the age of Bichat, and largely through his 
influence, — i.e., through the cultivation of anatomical 
researches, — the pendulum swung in the direction of 
proving more and more the parallelism of organic and 
inorganic processes. It reached its maximum swing 
in that direction about the second third of the 
century. Since then it appears to have again returned 
in the opposite direction. Let us follow this movement 
somewhat more closely, and see how the stronghold in 
which the innermost secret of life is intrenched has 
been attacked from all sides by all the processes and 
methods of the mechanical, physical, and chemical 
sciences, and how it has persistently refused to sur- 
render.^ There was a time when the leading repre- 


duquel les planete« suivent 
I’espace dea couibes savantes sanss 
lieurter les asties qui fournisseiit 
d’autres carri^res, sans troubler 
rharmonie reglde par le divin 
goornetre. ” Another property which 
was once thought peculiar to and 
characteriatic of living organisms, 
that of regeneration after mutila- 
tion, of “redintegration,’’ is now 
known to exist also m lifeless struc- 
tures : “ Pasteur a siguald des faits 

de cicatrisation, de redintegration 
cristallinc, qui mcrxlent toute noire 
attention. . . . Ces fails . . . se 
rapprocheiit coinplctement de ceux 
que presentent les etres vivauts 
lorsqu’ou leur fait une plaie plus 
ou moins profonde P* ^73). 

^ Bischotf, in his Eloge of Liebig, 
who remained all his life a vitalist, 
says (p. 57) : “ We must, indeed, as 
in the exact sciences, guard against 
letting a mere word step in as an 
explanation, wherever our insight 
into the conditioning causes has 
been insufficient, as was indeed re- 
peatedly done formerly, when a 
word was considered to be a suffi- 


I cient I'cabon. "We must consider it 
to be the continual duty of organic 
science to wage, as it were, a con- 
stant war against this organic force, 
and to dispute itb territory wliere- 
soever possible. If, for example, a 
talent like his succeeds in deducing 
many morphological traits of the 
higher animal organisms from the 
nicchanicril conditions of growth in 
the embryo, &c., we shall grate- 
fully acce})t the proof ; but W'e 
must all the while not forget to 
ask the further <iuestion, by whom 
these mechanical conditions have 
been brought together. If it be 
further true that the cells of the 
embryo perform the most extra- 
ordinary wanderings, in order to 
arrange themselves into the various 
tissues and organs of the animal 
body, we shall welcome this as a 
very interesting and remarkable 
phenomenon in the obscure region 
of development ; but we have re- 
ceived no light ou the question who 
acts as guide to the wandering cells. 
Similaxdy, if chemistry should some 
day succeed in forming albumen ar- 
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IS. sentatives of the medical profession considered it 

vitalism. unworthy and degrading to treat the human frame 

as a mechanism, and to approach it by the methods 
used in other sciences. “ For the vitalist physiciau ” 
says Helmholtz,^ “ the essential part of tlie vital pro- 
cesses did not depend on natural forces which act 
according to fixed laws. What these could do ap- 
peareil of secondary importance, and a study of them 
hardly worth the trouble. He thought to be face to 
face with something soul-like,” — the anirna of Stahl, 
the vital force of the vitalists, — “ which had to lie met 
by a thinker, a philosopher, a man of spirit. . . . Aus- 
cultation and percussion were practised m the hos- 
pitals,- but 1 have heard it said tliat these were crude 


tificially, we slmll probably be able 
to dale fiom that clay an entirely 
new period in natural Hcience, but 
thin artificial production of albumen 
will never be ieamble through the 
simple atluiitiea of the elements, 
but f*n1y by producing a new 1 
arrangement in organic subs-tances 
already formed by the plant. ^Ve 
shall gratefully receive all such 
increase of our knowledge . we do 
not require wonders and belief in 
miracles for the vital force, but 
only a name for the effects of 
which -vve do not know the 
causes. , , . Neither the ancient 
priinieval ooze nor the modem 
Eathybius, neither the remote 
monads nor the lecent monera, 
neither protopUsm, nor nucleus 
and cell and their development, 
confosbfidly so simple and easily 
understood up to self - conscious 
man, give um the smallest clue 
to the forces at work and their 
origin. This iniluces us to ascribe 
them to a force, regarding the 
essence of which wo indeed know 


no more than wc know of any 
cause tliat cannot be further an- 
alysed. But wc admit lu dcing 
so the imperfection f>f our know- 
ledge, an<l do not deceive others 
by suggesting that mechanical 
science could solve the secret of 
urgaiused natuie/’ 

^ ‘ Vortrage und lledeu,’ vul. ii. 
p. 179. 

Chr. Fried. Nasso (1778-1851), 
since 1822 professor at Bonn, 
where, together with Walt her, 
Job, Hiiller, and others, he cul- 
tivated the }^hysiological method 
in medicine, was, as it seems, 
the first German doctor in whose 
clinical institute physical diagnosis 
was introduced. From 1820 on- 
ward percussi<^n was practised ; 
since 1821 the steihoscojje was 
regarded as an indispensable in- 
strument” (Haeser, ' Geschichte 
der Meclizin,' 8rd ed., Jena, 1881, 
p. 912). “ The thermometer was 

first used extensively at the betl- 
side by James Currie (1756-1805). 
His ‘ Medical Beports on the ef act 
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mechanical devices which a physician with a clear 
mental vision did not require : moreover, the patient 
would thereby be degraded and treated as a machine. 
Feeling of the pulse was the most direct method of 
ascertaining the reactive power of the vital forces, and 
was delicately practised as the most important process. 
Elderly practitioners considered counting with a second- 
watch as hardly good taste : taking the temperature 
was not thought of. As to the eye-mirror, a highly 
celebrated surgical colleague told me lie would never 
use the instrument, it being dangerous to throw brilliant 
light into suffering eyes : another declared the mirror 
might do well for oculists with poor sight; he liimself 
possessed very good eyes and did not need it. ... A 
celebrated professor of physiology had an argument with 
his colleague in pliysics regarding the images in the 
eye. The professor of physics invited him of physiology 
to come and see the experiment. This was indignantly 
refused : a physiologist should have nothing to do with 
experiments, which miglit do well enough for a physicist.” 

The first great attack upon the organic system of 
forces, upon the citadel of life, was made by chemistry, 
and was led by Lavoisier and the great school of chemists 
which continued his work. In consisted in the applica- 
tion of the theory of combustion, in which oxygen played 
such an imj)ortant part, to the processes of respiration, 


of water, cold and warm, as a 
remedy in fever and other diseases/ 
London, 1797, “contains okserva- 
tions on the variations the 
body -temperature, . . . But the-se 
attempts had httle success. Not 
till the middle of the nineteenth 


century was the importance of 
medical thermometry recognised, 
first through the classical work 
of von Barensprung (1851), then 
through that of Traube, but 
mainly through Wunderlich 
(ibid., p. 930). 


11 . 

Attack fro 
the SJtle of 
chemistry, 
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nutrition, and the generation of animal heat.^ Already in 
1783 Lavoisier and Laplace had presented a memoir to 
the Paris Academy of Sciences, in which they attributed 
the generation of animal heat mainly to a process of 
combustion which took place by the conversion of oxy- 
gen into fixed air during the process of respiration. 
Lavoisier continued his researches on these and other 
similar physiological processes, such as perspiration, 
along with Seguin. They imesented a joint memoir 
on the subject in 1790. It is also known, through 
the posthumous publication of Lavoisier's scientific 
papers in 1862, long after Liebig had brought out his 
scries of researches on this matter, that the former had 
entertained very correct views on the economy of organic 
life as it exists in the balance of the animal and vege- 
table creations. After Lavoisier, the application of the 
new science of chemistry to questions of the individual 
and collective life of organisms was extended in a series 


^ The two discoveries of 

oxygen a,D(l of the electric cur- 
rent at the clo&c of tlie eighteenth 
century wore not long in being 
applied to the reform of medical 
doctrine- In both instances exag- 
gerated theories w'ere not wanting, 
Fourcroy, himself a medical student 
by l»rofehsion and one of the most 
ardent followers and promoters of 
tlio new chemistry, who, moreover, 
edited a journal with the title ‘ La 
medecine (iclairee par les sciencc-s 
physn |Uos ’ ( 1 790-9‘2 ), found it never- 
theless necessary to give warning 
against the premature introduction 
into medical teaching of the new' 
ideas of chemivstiy. Of this many 
instances cxist-ed, both in France 
and Germany, such as the ‘Essai 
d’uu systeme chimique de la science 


. de I’homrne’ (1708), by J. P. T. 

I Bauines of Montpellier, against 
which Fouici oy aimed his criticisms 
. in a letter to Hum hold t. On thcrte 
i extravagances see Haeser, ‘ Ge- 
I scinchte der Mediein,’ vol. ii. p. 

737, (fee. ; also Dr A. Hirsch, 
i ‘ Gesch, d. medicin. Wissenschaften 
1 in Deutschland’ (Munchen, 1803, 
I p. 5fip. There is no doubt that 
I opposition to this one-sided ap- 
, plication of some chemical or 
physical theory, or of some special 
■ therapeutic method, wdiich might 
be valuable to a limited and re- 
stricted degree, partly accounted 
for the fact that the more thinking 
inemlxirs of the profession clung 
to the notion of a vital force or 
principle, as yet undelined but 
never! lioless existent. 
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of very valuable but unconnected researches in all the 
different countries where chemistry was cultivated. 
Priestley, in England, had noticed the purifying effect 
of plants on air , De Saussure, in a series of remarkable 
experiments, carried on in the last years of the eighteenth 
century at Geneva, established the fact that in sunlight 
plants increase the quantity of carbon and other con- 
stituents in their tissues. Ingenhousz in Holland and 
Senebier in France had shown that in the presence of 
sunlight bubbles of oxygen gas are given off‘ by plants 
when plunged under water, and had traced this oxygen 
to its source, the carbonic acid in the atmosphere. Sir 
Humphry Davy had applied chemistry to agriculture ; 
and, much later, German physiologists like Tiedemann 
and Johannes Muller had recognised the necessity of 
explaining the processes in the living body chemically. 
All these labours, however, were detached, and their 
value was little known. It was therefore a very timely 
proposal which issued from the Biitish Association in 
1839 , that a report on the present state of organic 
cliemistry should be drawn up. For this task no less 
a person than Justus Liebig was selected.^ The event 


^ The .sources of information on 
Liebig's great work in revolutionis- 
ing the science of life through bis 
application of organic chemistry to 
agriculture and physiology are nu- 
merous. In particular there are 
two addi'esses by Vogel and von 
BischofF, delivered in the Munich 
Academy in 1874, Hofmann’s “Fara- 
day ” lecture, delivered in the Royal 
Institution in 1876, and a very 
able summary, drawn mainly from 
these sources by Mr W, A. Bhen- 
stone, in Cassell’s ‘ Century Science ’ 
Series (1895), entitled “Justus von 


Liebig, his Life aiid Work,” Bis- 
choff’s address contains a very full 
discussion of Liebig’s vitalistic sym- 
pathies. His great influence was 
established as much by his special 
scientific discoveries as by his 
method of teaching, — by his early 
attempts to popularise science and 
make it an educational power 
through his well-known 'Familiar 
Letters.’ He was in this respect a 
pioneer, as after him Heimholt?: and 
Bu Bois-Reymond were pioneers in 
spreading scientific ideas by mean^ 
of popular lectures and addresses. 
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marks an epoch equally in the science of organic chemistry 
proper and in the life-work of Liebig, The necessity 
of collecting and systematising the scattered labours 
of chemists and physiologists in this department was 
simultaneously felt in France, where Liebig’s friend and 
rival, Dumas, published his ‘ Essai de Statique chimique 
des Etres organises ’ as a conclusion to his course of 


Liebig broke through the barriers 
which in his age separated science 
in Germany from general culture, 
and the university professor from 
the man of the 'world. From France 
he learnt the merit of a clear style, 
and from England the higher art of 
popularisation. His fame did not 
grow slowly and surely like that of 
Helmholtz, spreading almost imper- 
ceptibly from narrowei into ever 
wider cii’clos : lie took the world 
by surprise, and stirred up every- 
where inquiry, opposition, and con- 
troversy. He \entured on great 
and sweeping generaUi^ations and on 
daring experiments .ind prophecies, 
with the result that in the final 
establishment of truth his oppon- 
ents had frequently as great a .share 
as himself. Notable instances are 
his so-called “mineral theory” 
of manuring and his theory of fer- 
mentation. Through the former 
the great division which separated 
the processes in the living from 
those which obtained in the inani- 
mate (mineral) world was bx’oken 
dowm ; and through the latter the 
niudcru notions of the ubiquity and 
continuity of life were to a large 
extent established, as will be been 
in the sequel of this chapter, 'riie 
correct notions whicli ho enter- 
tained as to the necessity of the 
mineral ingredients (phosphoric 
acid, lime, potash, &c.) in plant- 
maimres, wdiich he started in op- 
position to the older “humu,s” or 
“ vegetable mould ’’ theory, was on 
the point of being refuted by his 


insistence on making his chemical 
fertilisers insoluble, ignorant as he 
then was of the absorbing and re- 
taining function of mould ; but, a 
generation after, the pi’evaihng pre- 
dilection for soluble manures w’as 
again much modified by the intro- 
duction ot the Thomas slag,” and 
the enoi mous improvements in the 
process of extreme pulverisation. 
Prof. Vogel in his above-mentioned 
.address gives many extracts from 
Liebig’s wii tings, referring to the 
final and coi reeled exjiression of 
the chemical theory of fertilisation. 
The.se are so characteri.stie of 
Liebig’s habit of thought an<l his 
whole mental attitude, that J tran- 
scribe them • “ When I knew the 
reason why my fertilisers would not 
act, I felt like a man who had re- 
ceived a new life, for tlirough this 
all processes of agriculture w’ere 
explained, and now that the law 
is known and lies clearly before 
our eyes, there reinaiiLs only the 
wmuder that we di<l not see it long 
ago: but the human mind ia a 
queer thing, — what docb not fit into 
the circle of ideas once given, does 
not exist for it. ... I had sinned 
again.*^t the wisdom of the Creator, 
and for this had received merited 
punishment. I wanted tti improve 
His work, and in my blindness 1 
thought that in the wonderful 
chain of laws which bind life to 
the surface of the earth, one link 
wa.s missing which 1, a helpless 
wrorm, could supply” (/oe. cit, p, 
34 ). 
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chemistry at the Medical School of Paris in 1841. 
With him was associated Boiissiiigaxilt, the man who, 
next to Liebig, did most for the elaboration of the true 
principles of agricultural chemistry. 

To Liebig, organic chemistry did not mean the chemis- 
try of the carbon compounds as it is defined nowadays, 
and has largely become since Dumas himself introduced 
into science the fruitful method and idea of substitution. 
This idea extended the facilities of the laboratory chemist 
enormously,^ but also marks the altered view which has 
since taken hold of organic chemistry, the alliance with 
arts and industries rather than with an understanding 
of the economy and the phenomena of living organisms. 
From the moment of that alliance dates the division 
of organic chemistry into the two great branches of 
tlie chemistry of carbon compounds and the chemistry 


^ It is well known tliat organic 
chemistry during Liebig’s lifetime 
outgi e\v the canons and the circle of 
ideas m which he moved, and that 
he complained of not being able to 
understand the papers in hits own 
periodical, the ‘ Annalen,’ &c. 
Liebig originally opposed Bumas’ 
ideas on substitution, but in the 
end admitted himself defeated, 
when, through Hofmann, he became 
convinced “that the character of a 
chemical substance does not depend 
BO much as he had supposed ou the 
nature of its constituent atoms, 
and depends very largely also on 
the manner in which these atoms are 
arranged. Some years afterwards, 
at a dinner given by the French 
chemists to chemical visitors to the 
Exhibition of 18^67, Liebig made his 
defeat on this occasion the source of 
a happy retort to Dumas, who had 
asked him why of late years he had 
devoted himself exclusively to agri- 


cultural chemistry. “ I have with- 
drawn from organic chemistry,'*’ said 
Liebig, “ for with the theory of 
substitution as a foundation, the 
edifice of chemical science may be 
built up by workmen : masters are 
no longer needed” (Shenstone, ‘I. 
von Liebig,’ 1895, p. 61). Already, 
in 1838, Liebig and Wohler, in their 
investigation on uric acid and its 
derivative^, prophetically suggested 
the twofold development which 
organic clieiuistry was destined to 
take : “ Prom these researches the 
pliilosopby of chemistry must <lraw 
the conclusion that the synthesis 
of all organic compounds which 
are not organised must be looked 
upon not merely as probable, but as 
certain of ultimate achievement ” 
(* Annalen/ &o., vol. xxvi. p. 242), 
In fact, we have now a chemistry 
of organic and one of organised 
substances. 


15 . 

Change in 

oiganic 

chemistry. 
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Influence of 

Liebiy 


of organised nature. From this organic chemistry of 
the modern school Liebig turned away — continuing to 
lead research in the older and less fashionable direc- 
tion. This choice is explained by the peculiarity of 
his great mind, which, while investigating details, never 
lost sight of the organic whole of natural processes, 
and which allowed itself many a flight of imagina- 
tion into unexplored regions. In fact, if we review the 
work of Liebig from the side of the history of thought 
rather than from that of science, we must assign to 
it a very great and lasting influence. He was prob- 
ably the first man of science who conceived the two- 
fold meaning which belongs to the words, life and 
organism, a meaning which was known and appreciated 
by practical men, but wliich had, at that time, hardly 
received scientific recognition.^ Life is not only defined, 
as Bichat put it, by the contrast with death , it is just as 
much defined by the idea of co-operation or solidarity : 
life is not only the property of individual beings, Imt 
also of the collection or society of several individuals in 
a larger organism. As such, political economy had con- 
ceived it long before Liebig’s time, but Liebig was prob- 
al)ly the first scientific thinker who studied the economy 
of nature, who fully realised the interdependence of 
animal and plant life, and tried to reduce this larger life 
of living things to scientific data and laws. Through 
him and his school two terms have become current in 
scientific and popular literature which, especially in the 


^ The idea of the dependence of 
living thingw on the environment, 
on the milieu,” wafi indeed fuUy 
recognibed and emphasiwed by 


Lamarck (see p. 314 supra ) ; but the 
philosophical ideas of that great 
thinker were then unknown and 
disregarded, 



ON THE YITx^LISTIC VIEW OF NAT13HB. 395 


German tongue, have characterised the new ideas then 
introduced into science, and have brought them home 
to the intelligence of the educated classes. These two 
terms have only been inadequately rendered^ in any 
other modern language : they are the words “ Stoff- 
wechsel ” and “ Kreislauf des Lebens.” The former de- 
notes the continual change of matter connected with 
maintenance of form in all living things ; the latter 
denotes the continual interchange which exists between 
the separate members and the different provinces of the 
living creation, the circulation of living matter and living 
processes. Tnebig looked upon nature on the large and 
on the small scale as an economy, as a household, and 
he applied himself to study the conditions of its exist- 
ence, of its normal aiid abnormal states. Through Liebig 
chemistry entered into close alliance with political 
economy, or, as it is termed abroad, national economics. 

We shall see immediately how the progress of science 
has, in the further course of the century, tended to 
emphasise this twofold aspect and define it more cleaily : 
how the individual organism, the bearer of life, has been 
traced to smaller and smaller dimensions and units, and 
how, correspondingly, life as we see it on the larger scale 
has more and more revealed itself as consisting in co- 
operation, in the collective action of societies made up 
of individuals. We have on the one side the doctrine 
of the Autonomy of the Cell,'' so eloquently proclaimed 
by Professor Virchow ; on the other side the doctrine of ' 


17 . 
“Stoff. 
\vechser’ 
and “Kreis- 
Lmf des 
Lebens.” 


IB. 

'* Anfotioiny 
the Cell.” 


^ W’’e shall see farther on how 
the word Metabolism/’ with its 
two subordinate terms Anabol- 


ism*’ and “Catabolism,” is even 
more expressive tlian the German 
term wechsel.” 
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the Physiological Division of Labour/' the happy ex- 
cai Labour.” pression invented by the great French ^zoologist, Henri 
Miliie-Edwards. 

Whilst Liebig was working at the great problems of 
the economy of life, and making chemistry subservient 
to the interests of agriculture, physiology, and pathology, 
another influence was exerted — mainly in Germany — on 
the study of the processes which take place in the living 
organism. This influence had its source in an application 
of the principles of dynamics and the more modern teach- 
ings of physics.^ It emanated from two distinct centres — 
from Leipzig, where the brothers Weber ^ taught how to 


’ In many passages of his inler- 
Ghtiiig and brilliant “ Acldreftscs ” 
Du Jjois-IlGymoud has dwelt on 
the great revolution which came 
ovei ])hysiological studies about the 
middle of tlie century, characteris- 
ing it as a special German achieve* 
meut. Claude Bernard has given 
u& an interesting account of a 
corresponding, but not identical, 
cluarige of ideas in the great medical 
.schools of ParLs, Quito recently Sir 
Michael Fo.ster has created in this 
country an interest in the history 
of medicine, notably of physiology, 
and lias on various occasions given us 
masterly summaries of the results 
of his historical research. I may 
refer specially to his very lucid and 
fascinating monograph on Claude 
Bernard (London, 1899, in Fisher 
Unwin’s ‘Masters of Medicine’ 
Series). Another authority in 
modem ]>hy.siology, Prof. IVPKen- 
driek of Glasgow, has treated in a 
companion volume of HelmhoHjs, 
dwelling mainly on his physiological 
labours, ba.sed upon hie brilliant 
application of physics and matho- 
maticH, The two monographs ex- 
hibit very clearly two distinct in- 
fluencefl wliich have been at work 


in remodelling the science of phy- 
siology and the cf>nceptions of the 
[)henomena of life. 

- Regarding the position and in- 
llueiice of the three biothers Wel»er, 
I may refer to former passages of this 
history (vol. i. p. 19G ; vol. ii. chap, 
vi.pc.s*,n'wi). l''he greate.st of the three 
— E rn st Heinrich Weber (1795-1878) 
— occupies a unique position in the 
development of the “ science of life” 
in Germany. He seems never to 
have come under the influence of 
the then prevalent “ philosophy of 
nature,” and he had acctavlingly, 
unlike Liebig ami Johannes Muller, 
nothing to unlearn, t^ee pn this 
point llu Bois-Reyraond’s iGoge of 
Miillor in ‘Iledcn ’ (vol, ii. p. til6), 
also Ludwig’s Kloge of Weber (Loip- 
y.ig, 187S, p. 10). Weber repre-sents 
in the purest form the inhuf-nce 
which physics, based upon experi- 
ment and measurement, had upon 
the develoi^rnent of the study of 
organic form and function, as Liebig 
represents in the pure.st form the 
iniluence of chemical research and 
reasoning. In this respect Liebig 
was more nearly related to the 
Paris school, Weber to the Berlin 
school, which he greatly influenced. 
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apply sti’icfc experimental research, combined with actual 
measurements, to physical, organic, and psychical pheno- 
mena, which had so far escaped all exact treatment; 
and from Berlin, where in the person, and still more in 
the school, of Johannes Muller, the great and complex ^ , lo. 
phenomenon of life in the higher organisms was analysed MiiUer. 
into various mechanical and physical processes, each 
connected with some well-defined organ whicli was 
more and more recognised as possessing the properties 
of a physical airparatus A great deal of the work of the 
numerous members of this school consisted in unravel- 
ling with the microscope the structure of such organic 
apparatus, and studying its action by physical measure- 
ments and experiments. As examples and models of 
this kind of work we have Du Bois-Eeymond's ‘ Ee- 
searches in Animal Electricity’ (1848), and Helmholtz’s 
‘Physiological Optics’ (1867, second edition, much en- 
larged, 1896), and ‘Physiological Acoustics’ (1862). 

In the coui-se of these labours it was found that the 
older ideas of “ Rtoffweohsel,” and the conception of 
the circulation of matter as it was taught in the school 
of Liebig, required to be corrected and extended. I have 
referred in an earlier chapter ^ to the interesting circum- 
stances under which our modern notions of the conserva- 
tion of energy first dawned independently upon Mayer 
and Helmholtz whilst studying the phenomena of heat 
in the animal organism. In the school of Liebig we 
meet with an occasional attempt to extend the idea 
of “ Stoffweohsel,” the exchange of material or of 
elementary matter in the living body of animals and 
^ See svfra,, chap vii. 
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plants, so as to embrace likewise the imponderables — 
heat, light, electricity, &c. We find Mohr treating of 
heat and animal energy as substances which must be 
counted among the elements or prime materials known 
to chemists — ^.jiist as the French chemists of Lavoi- 
sier’s school enumerated the imponderable along with 
the j)onderable elements of nature : even Liebig's first 
edition of the ' Chemical Letters ’ is not quite averse 
to such an interpretation. The ideas on this matter 
were, however, vague, and needed defining. When 
Mayer attempted a first step in this direction, Liebig did 
not see the value of it. The subject was only cleared up 
when Helmholtz, in 1847, showed that all so-called 
living forces were the different juanifestations of a 
certain quantity of power to do work — later termed 
energy — and that tliis power could show itself in 
actual change and motion, or be stored up in tensions 
in the system, later called “potential energy.” After 
this, “ Stoffwechsel ” appeared not only as an exchange 
of material, but also as a change in the form of energy, 
whereby potential or latent energy could be accumulated 
in the organism and let loose, as the latent power of 
an explosive substance is let loose by the pulling of 
a trigger. 

One of the immediate consequences of these varied 
researches — all tending to show how the conception 
formerly established in chemistry, physics, and dynamics 
(iould be utilised in the description of the phenomena of 
living matter, how the complex phenomenon of life 
could be split up into a number of separate chemical 
and physical processes, which could be imitated in 
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the laboratory, and liow the living organism could 
be analysed into a complex of separate apparatus or 
machines, acting on intelligible mechanical and physical 
principles — was a radical change of the conception of 
vital force and the vital principle. It ceased in the 20. 

Inrinencc of 

opinion of many to be opposed to other non-living forces, ® 
as it was with Bichat ; according to others it was non- 
existent, or at all events useless ; others again reduced 
it to a purely regulative function, or even a mere 
idea A popular philosophy founded upon the unknown 
principle of matter, and the ef[ually unknown and 
even less clear principle of force, promulgated the 
notion that science had succeeded in banishing all 
spiritual entities, and was able to explain everything on 
purely mechanical principles. Vitalism and animism 21. 

* n 1 <1 Mechanism. 

were at an end ; there only remained mechanism and 
materialism. It is well to note that none of the great 
men to whom we are indebted for the real extension of 
our knowledge of biological phenomena favoured or 
embraced this view. The reasons which kept them 
from drawing what seemed to some the inevitable con- 
sequences of their discoveries were manifold. 

As I stated before, there are two ways of approaching 
tlie problems of nature, and two interests by which our 
researches can be guided. The one is the abstract 
mathematical method, which begins with the simplest 
definable and measurable elementary processes, and tries 
to imitate the complicated phenomena of nature by more 
and more intricate combinations of these elementary pro- 
cesses. The other is the more concrete method inspired 
by practical interests. The mechanical, physical, and 
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chemical methods of analysis and synthesis follow the 
former way, and they generally arrive at satisfactory 
explanations of isolated parts of the actually existing 
phenomena, or of special and simple cases. Notably, 
they create the artificial world of manufactured things, 
such as instruments, machines, chemical and mechanical 
compounds. They may at times make it appear as if 
this process of putting together, continued indefinitely, 
would ultimately reach the real things which we behold 
in inorganic, organised, and even in animated nature. 
At all events no other way, it might seem, is open to 
science, and the only thing that delays our progress 
is the bewildering intricacy and complexity of things 
natural. At the beginning of our century, when, 
through Laplace and his school, many seemingly com- 
plicated phenomena of nature, notably those of physical 
astronomy, yielded to the processes of analysis just de- 
scribed, there seemed for the moment a possibility of 
building up a complete philosophy of nature on such 
a groundworlv. Laplace liimself indulged in a fre- 
quently quoted prophetic vision of this kind. When, in 
the middle of the century, some molecular phenomena, 
notably those of light, had likewise yielded to the 
calculus, and when correcter views as to the nature of 
forces had further brought another and different world of 
phenomena into a calculable form, it seemed likely that 
even the mysterious processes of living organisms might 
be subjected to similar reasoning. It seemed time to 
abandon the familiar conception of a special vital force, 
axrd to hand over physiological problems likewise to the 
physicist, the chemist, and the microseopist. A regular 
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crusade was accordingly started in Germany by philoso- 
phers, as well as by naturalists and biologists, against the 
vitalists — those who believed in a special principle of life ; 
and an impression was created in the minds of thinking 
outsiders that a purely mechanical explanation of life and 
mind was finally decided on, and within possible reach. 
Among those who assisted in bringing about this im- 
pi’ession, I need only single out two names — those of 
Hermann Lotze,^ the philosopher of Gottingen, and of 


^ Tlie position which Lotze oc- 
cupies in the history of the con- 
ceptions of life or of vitalism is 
peculiar. If we read woiks deal- 
ing specially with the history of 
medicine, such as those of Haeser 
or Hirsch, we do not come across 
the name of Lotze at all, and it is 
only in quite recent times, fifty 
years after the appearance of Lotze’s 
writings dealing with vitalism, that 
experts m physiology have re- 
verted to his discussion of the 
subject. See notably the follow- 
ing : 1. Rauber, “ Formbildung und 
Formstorung in der Entwickelung 
vou Wirbolthieren ” (‘Morphol. 
Jahrbuch,’ Band vi.), 1880. 2. 

Wilhelm Roux, “ Einleitung zu den 
Beitiageu zur Entwickeluiigsme- 
chanik des Embryo,’^ 1885 (re- 
printed in ‘ Gesammelte Abhand- 
lungen,' voL ii. p. 11, Leipzig, 
1895). 8. 0. Hertwig, ^ Zeit unci 

Sbreitfragen zur Biologie’ (Heft 2, 
Jena, 1897), pp. 23-29. 4. Carl 

Hauptmann, ‘Die Metaphysik in 
der modernen Physiologie’ (Jena, 
1894), p. 3. These and many other 
recent references go back to Lotze’s 
article, “Leben unf,l Lebenskraft,” 
in Rud. Wagner’s ‘ Handworterbuch 
der Physiologie, ’ 1 842 ; and to his 
larger publications, ‘ Allgemeine 
Pathologie undTherapie als mechan- 
ische Naturwissenschafteu ^ (Leip- 
zig, 1842), and ‘Allgemeine Fhysi- 

VOL. IL 


ologie des Korperlicheii Lebeiis ’ 
(Leipzig, 1867) The reasons why 
Lotze’s expositioiih w^ere so little 
regarded at the tune were prob- 
ably twofold. He taught that 
the phenomena of life consti- 
tuted a mechanical pioblem. This 
w'as enough to dismiss in the 
eyes of many empirical naturalists 
the further, Imt not easily com- 
prehended, statement of Lotze that 
life Wtas not merely a mechanical 
problem. The definition and solu- 
tion of the second part of the 
problem was much more difficult, 
aud Lotze delayed his expositions 
on this side of the question for 
ten years, when he published his 
* Mediomische Psychologie ucler 
Physiologie der Seele ’ (1852), 

which contained a metaphysical 
introduction apparently little in 
harmony with the supposed purely 
mechanical or even materialistic 
standpoint of his earlier writ- 
ings. In the meantime several 
imijortant w’orka had appeared 
which carried out in wider or 
narrower regions the purely me- 
chanical or inductive and experi- 
mental treatment, and ij[uite revolu- 
tionised physiological and medical 
studies. I need only mention such 
works as Jacob Henle’s ‘ Allgemeine 
Anatomie’ (1840), and his ‘ Hand- 
huch der rationellen Pathologie' 
(1846-03). Henle, as von Kdllifcer 

2 c 


22 , 

Lotze aud 
Du Bohs- 
Reymond. 
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Du Bois-Eeymond, the eminent physiologist of Berlin. 
The former owed much of his scientific training to the 
school of Ernst Heinrich Weber in Leipzig, the latter 
to that of Johannes Muller in Berlin. Both agreed 
in denouncing the conception of a vital force — as it 
was then called — as illogical, and moreover as scienti- 
fically useless. But whilst Lotze distinctly stated that 
his criticisms on this subject were only addressed to 
scientific thinkers, and promised a furtlier phik^sophical 


correctl3>^ &aw that the work 
uf IJiohat had to be reinoclelled on 
tlie louiidatioiis laid by Schleiden 
and Schwann,” an undertaking in 
which von Kulliker hiniHolf laboured 
with tlie gieatcht success. But 
above all must he mentiuiicd the 
appearance of Jlud. Virchow’s 
‘Uellulai Pathology’ (1858, Engl, 
tr.insl. by (Jhaiico, 1860), “in which 
he himself exfiluina that he does 
not give a system hut a general 
biological principle,” and m so 
doing lays the foundation for the 
entire exact treatment of patho- 
logical cases. It is, however, well 
to note that Virchow^ does not 
regard life as a purely mechanical 
problem. The works of such 
authorities as Hcnle and Virchow 
give as much or as little philosophy 
and discussion of general principles 
as physiologists of the exact school 
required for about thirty years. 
Those masters, indeed, had thom- 
selvos grappled with the jihilo- 
sophical problem, and had arrived 
at a formulation which sufficed to 
lead reseaivli into fruitful paths 
for a new generation of experts 
who thenmelves were not philo- 
sophically educated. The term 
vital force disappeared, and in the 
specialist me<Hcal literature of a 
lengthy period even life itself was 
hardly any longer discussed. Thus 
a tirrn basis was laid on which 


mechanics, physics, and cliemistiy 
could be usefull} applied. A similar 
silence as to general problem.s 
reigns in the gieat scliool which 
foi two centuiios built on the 
principles laid down by Newton 
m natural phik»sophy. Similarly 
in chemistry, the touudations laid 
by the atomic. the<uy sufficed for 
the greater portion of the century 
following lU enunciation. We 
have seen in earlier chapters of 
this work how, oven in these 
much more firmly established me- 
chanical .sciences, our century has 
witne,ssed^ before its end discus- 
sions again arising as to funda- 
mental questions and leading prin- 
ciples. A similar fate has come 
over biological science, and with 
it a renewed interest in the writ- 
ings which stand at the entr.uice of 
that epoch which was so rich in 
the unravellmg of detinite and 
special probleuis. Authorities like 
Prof. 0. Hertwig warn us mjw of 
that “other extreme which see-s 
in vital processes nothing hut 
clieiuico-physical and mechanical 
proldems, and thinks it Buds the 
true science of nature only m so 
far as it is possible to reduce 
phenomena to the motions of 
attracting and repelling atoms, 
and to submit them to calculation ” 
(‘ Die Lehre vom Orgamsmus,’ an 
Address, Jena, 1809, p. 8), 
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investigation of the f|uestion, Dii Bois-Iieyinond ^ gave 
the impression, in his earliest deliverance, that the 


^ Du Bois-Reymoiid’s pofeitiou in 
the vitalistic coiitioversy is inter- 
esting and instructive, inasmuch 
as he cunsiderablj" modified hi« 
c)]j]iiions in course of time. Hi.s 
first deliverance on the subject i& 
to be found in the pieface to his 
celebrated ‘ Untersuchungen uber 
Thierisehe Elekti icitat ’ (March 
1848). This discussion of the 
hubject followed soon after the 
dehveiances of men like Berzelius 
(1839), Schwann (1839), Schleideii 
(1842), Lotze (1842), on the same 
subject, which are stated to have 
been “ in effectual. ” After the 
lapse of twenty • foui yearh Du 
Buis - lleymond apiproached the 
feuiiject again in his celebrated 
addjoss at the German Association 
of Sciences at Leipzig, 1872, en- 
titled “ ITeher die Gienzen des 
Naturerkennens ” This deliverance 
created a great sensation : the 
pamphlet appe<ared in many 
editions and ti anslations, and 
only 111 this country failed to 
get adequately noticed A fui ther 
explanation of the views ex- 
pounded in it was given by the 
author (1880) in an oration at 
the meeting held annually in 
honour of Leibniz in the Berlin 
Academy on the 8th of July. It 
hears the cliaraeteiistic title “Die 
sieben Weltrathseh” These docu- 
ments together contain the autlu>r’s 
“philosophical creed,” winch ends 
in “ Pyirhonism,” out of which 
there seems no escape except 
through “ Supernaturalism,’’ which, 
however, begins where science 
ends. (See note 1 to the last- 
mentioned address.) All thi’ee 
documents are reprinted in the 
two volumes of ‘Redeu’ (Leipsic, 
1880-87), fiom which I quote. In 
the interval of a quarter of a cen- 
tury which lay between the fir&fc and 


second doliveiaiice gieat Lhaiigcs 
had come over scientific thought 
The uieclianical view’, w’liicli had 
been put forward in an extreme 
form m 1848, when it was iu’ophe- 
sied that “ physiology, giving up its 
particularistic interest, would dis- 
appear in the great umte<l estate 
of natural philusoxdiy, w’ould be 
entirely dissolved in organic 
physics and chemistry" (vnh li. p. 
23)^ had had time and opportunity 
to show' its pow’er and its limits 
It liad gamed through gi eatei 
facility of aijplieation (such 
Ludw’ig’s automatic curve - xilot- 
ting), through the larger con- 
oexjtion of StofiVechseF’ as 
denoting “ uietahohsm ” of matter 
and energy. The author liiniself 
had introduced a new deHnitiuii 
of life as a “dynamical e<pii- 
librmin ” in the place of older 
descriptions (vol. ii. p. 25) ; and. 
above all, Darwnn had showm the 
possibility of a mechanical explan- 
ation of so - called “ final eaus'es ” 
in nature. The author liimself 
was one of that great scliool, 
emanating from Johannes Muller, 
but now represented ])y the still 
greater Helmhfdtz, w’hicli had 
pushed the mechanical or exact 
treatment to its furthest limits, 
to the analysis of the phenomena 
of the nervous system in its high- 
est activity, those of sensation 
and percexjtion. It is therefore 
highly significant that, in&tead of 
confirming the earlier dictum, that 
the exact treatment would halt 
only at the most advanced point — 
viz., the manifestation of “ free 
will,” — the author is now’ forced to 
admit that not only is the “ origin ” 
of all motion quite obscure, but 
likewise the lowest forms of 
animation or consciousness are 
not to be explained mechanically, 
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question was definitely settled and the road quite 
clear for research. To those — and they comprised the 
second class of thinkers referred to above — who were 
unwilling or unable to follow Lotze and Du Bois- 
Iteymond into the details of their criticism of the 
illogical conception of force as employed in the term 
'‘vital force,” but who looked at the great facts of 
economy, design, and recurrent order which are exhibited 
in the living creation, these criticisms had little that 
was convincing. If the term “ vital force ” was illogical, 
some other term such as vital principle ” might be 
substituted. The enormous diffeience between the 
phenomena of living and of dead matter remained and 
impressed itself on them. Liebig, and many naturalists 
ill Trance and Germany, had ajiproached the study of 
nature from the practical side. Their methods were not 
mathematical but rather experimental, and very fre- 
quently not limited to the laboratory and dissecting-room, 
but carried out in the workshop of nature itself. In 
spite of his successful attempts to establish clearer views 
regarding the economic processes of living nature and 
the application of chemical analysis, Liebig ^ to the end 


the iiiyBtery which attaches to 
all beginnitigs as well as to the 
great transit ions in the asceiiding 
scale of natural plienomena being 
further emphasised and forcibly 
dri-veu home in the last-named 
address, which, as has been said, 
bears the title “The Seven Enig- 
mas.” The three deliverances of Du 
Bois-Heymond, together with the 
copious nf)tes and references which 
he gives in the latest reprint, 
sterve as a very good and lucid 
exposition of the inherent diffi- 
culties (»f the problem, and should 


be studied by every one who desires 
to be at home in the ancient ami 
modern literature of the subject. 
The position of the author has 
been many times criticised. See, 
i7itcv Kaufmaim, ‘Die Meta- 
physik in der modernen Biologie ’ 
(Jena 1894), 

1 Lord Kelvin in his essay “ On the 
Dissipation of Energy’^ (reprinted 
in ‘ Popular Lectures,’ &c. , vol. Hi. 
p, 404) has the following interesting 
note : “ The influence of animal or 
vegetable life on matter is infinitely 
beyond the range of any scientific 
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of his life never satisfied himself that the phenoi^^)^ of 
life can he mechanically explained : he remained, m im. 

face of much criticism, a Yitalist. So did Wohler in 
Germany — so did most of the eminent physiologists in 
France and in England. The crusade against Vitalism, 
which was started in Germany, seems to have had little 
influence on them. In 1854, six years after Du Bois- 
Eeymond’s essay on Vital Force, and twelve years after 
that of Lotze, Huxley ^ could still, in the first of his 
' Lay Sermons ’ ‘‘ On the educational value of the natural 
history sciences,” express opinions on the diffeienee be- 
tween living and not-living bodies which were distinctly 
vitalistic, maintaining, much in the same way as Liebig 
did 111 the later editions of his chemical letters, that ‘‘ the 
phenomena of life are dependent neither on physical nor 
on chemical, but on vital forces”; and if, in 1870, he 
could himself state that he liad long since grown out 
of this view, it is interesting to discover what were 
tlie arguments which brought about this remar kalde 
change. I will at once state what seems to me to be 
the great influence which combated Vitalism in this 
country, which greatly strengthened the anti-vitalistie or 
mechanical views in Germany, but which, as little as the 
methematical and philosophical criticism of Lotze and 
Du Bois-Reymond, ever took real hold of biological thought 

hiquu'y hitherto entered on. About printed in 1S70 in the well-known 
twenty • five years ago J asked volume, entitled ‘ Lay Sermons, 

Ijiebig if he believed that a leaf or Addresses, and Reviews,’ with a 
a fiower could be formed or could “prefatory letter” to Tyndall, 
grow by chemical forces. He in which the following passage 
answered, I would more readily occurs; “The oldest essay of the 
believe that a book ^on chemistry whole cantains a view of the nature 
or on botany could grow out of of the difibrenees between living 
dead matter by chemical processes/’ and not-living bodies, out of which 
^ The address referred to was re- I have long since grown,” 
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24 . 

Darwin. 


ill France, where a modified kind of vitalism still pre- 
vailsd It IS the far-reaching intlnence of the reasoning 
which sprang out of Darwin’s theory of descent. 


^ The ohler idea's of vital toi-ces 
have in ail the three countries been I 
coin bated by authouties ot the very 
first order, but, characterioticall^', 

111 a very ditfieient manner — the 
phenomena of living bodiesi having 
)j(‘tiii attached from different sideia. 

Ill (jfOi many the ineuhanico-physical 
fcichool wM.-i for a time the doniiuaut 
one III France the duminaut achool 
wiirt tiie so-called experimental, aKo 
termed the vivisectioiial, hcliool, 
founded by Msigeiidie Between 
tUe.se two evtieme pu-sition.-, both 
eipiall\ tile older 

vitalism, there stood m the mkblle, 
with a lo.ss .strongly jmniouiieed 
antagoiiisui t(» eiulier conceptioics, 
tho.^e who, like Liebig m Germany, 
Dumas and Boussingault iii France, 
appivjachcd the phenoincna of lite 
mainly by the methods and reason- 
ing of the new science of chemistry. 
Tln,s.school badaj irufouiully modify- 
ing inliuenoe on theextreine views of 
the experimental school in Fiance. 

Jt made itself felt mainly through 
Claude JJernurd. In Germany this 
mfiueiice was felt latei , aftei that of 
D.irwiniiim had somewhat sub.sided. 
Ill Knglaud it was the doctrine of j 
doj 3 i*eut pure and ^imple which com- | 
liated the older vitalism . the ques- 
lion 1 »ecame one of < >rigin.s, and vital- 
i.'tLii, a.s .such, could be temporarily 
Ignored. K'he facts of vari.itiou, ; 
overer* iwdiiig, natural selection, and 
inheritance, presented .such .i mass | 
of material, waiting to be sifted and 
arranged by exact methods, that 
the problem of the e.ssence t)f life 
and its beginnings was set aside. 
Accordingly, the attempts }>oth of 
Darwin and Huxley to grapple with 
the central and final problem of 
vitalism are very fenv ; the latter ; 
only repeating what had been said i 


long before him by thiiikei.'s of a 
very ditferent school. The question 
was not an-swered, bec.iuse, for the 
progiess of the .sciences and tor their . 
succe.ssful application in meditme, 
it did not rc(|uire to be answered 
It Ijecame a puiel> ])liilusophical 
<luet>tioii, and the onl^\ English 
WTiter ot authority who scriou.sly 
giappled with it was Mr IJeiberL 
Spencer in Ins ^Principles of 
Biology.’ Darwin in wiote to 
Ilookei (‘ Life,’ vol. ill. p. IS) : “It 
is mere rubbi.-sh thinking <it pic-sent 
of the origin of life ; one might as 
well think of the oiigin of matter.” 
Huxley, in a letter from the yeai 
1884 (‘Life,’ vfd. ii ]) G7), cmiipares 
lite WMth a whiilpool, a fa\ouule 
.simile of Cuvier’s (.sec >sujirif, vol. i. 
p. 129), but IS doubtful as to compar- 
ing it with a marhuic. M. Deluge 
names (Jhevreul (‘ Considerations 
gcncrules sur Panalyse organit^uc et 
sea appHcationa,’ 182-1) : Jlaeu le 
mcrite d ccrire que la Force vitale 
ix’explique rien, qu’elle aur.nt besoin 
elle-mume d'etie expliquee avant do 
prutendre explujuer autre cho.se, et 
que les phenoin6nc*.s de la vie ont 
Icur cause directe dams le.s principes 
immediats constitutifs do la maticre 
organisee. 11 n’ctaldit cependant 
sur cette donnee uno theurie de la 
vie, car il conclut, au cinibraire, 
tj[ue, eut'On rauiend les plicuomoues 
vitaux It leur.s cau-ses prochaiiies et 
aux forces qui regissentTa matiM’e 
inorganique, on no serait pa.s encore 
en otat de compreinlre comment 
Petre organise en se reproduisant 
ropbte avec uue Constance si re- 
inan|uable les caractores de son 
espbee. ’ ’ Even Francois Magendie, 
the great founder of the purely 
experimental .school of physiology, 
says of Bichat’s celebrated * Beoher- 
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In order to enable my readers to comprehend clearly 
the great change which has come over biological thought 
through Darwin's writings and reasonings, I must now 
introduce an idea which I have so far intentionally 
avoided in discussing the various scientific views of 
nature This is the idea of final causes, the apparent 
existence of a purpose (in German Ztuech), or an end 
(in German Ziel) in all processes of nature, but pre- 
eminently in those of the living portion of creation. In 
all writings prior to Darwin a great deal is made of 
final causes in nature, of the teleology of living processes. 
The phenomena of life seemed safely intrenched in the 
citadel of final causes : no mechanism could explain 
them away. The very fact that organisms were com- 
pared with machines, admitted the existence of a definite 
end and purpose; for it is the peculiarity of every 
humanly constructed machine or instrument that it 
serves a definite purpose which, in the mind of the 
inventor or maker, suggested the peculiar arrangement or 
organisation which we behold. The criticisms of Lotze ^ 


che^/ kii, : “ Les otoprits buvcres et 
amis des progrys des sciences . . . 
out regrettd que Tauteur opposat 
sans oesse la vie aux loiai physiques, 
comme si les t'tros vivana n’etaient 
pas de corps, avaiit d’etre dea veg6- 
taux ou des auimaux” (‘‘avertisse- 
meut ” to the 4th ed. of Bichat’s 
‘ Kecherches,’ &c., 1822). 

^ The lengthy discussions of Lotze 
coutained in the writings quoted 
above are not easy to tinderstand, 
and it is not surprising that, be- 
yond the elimination of the con- 
ception of vital force as useless to 
the purely scientific student, his 
real meaning was at the time not 
grasped at all in fact, we may 


say that Lotze, though ceasing to- 
be a vitalist, x'emained an animist. 
Discarding vital force, he retained 
the conception of a soul in a 
manner which drew upon him the 
ridicule of those whom, lihe Carl 
Vogt, he had converted to pure 
materialism. This has had the 
consequence, that in more recent 
times his whole philosophy has 
been stigmatised as duaiistic, and 
that he has been accused of having 
halted half-way. His real meaning 
can be gathered more ea:i.ily from 
his later and more mature^ WTiy 
ings : for his contemporaries it 
must have remained to a great 
extent enigmatical See G. Haupt- 
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and Du Bois-Pieymond did not do away with this very 
evident property of living things, but only maintained 


maim Die Metaphysik in der 
Physiologie,’ 1894, p 7): “How* 
ever convincingly Lotze destroyed 
the conception of a vital force, he 
had no desire to criticise in a sim- 
ilarly destructive manner the prin- 
ciple of a soul, though both have 
grown up in the same climate, in 
the fertile country where sub- 
stances blossom, &c. . . . And 
although he emphatically, and in 
many ways, urged that all organism 
is a definite form and arrangement 
of mechanism, he nevertheless 
accorded to the principle of in- 
herent disturbances (soul, will) a 
partial control over the functions 
of the animal body,” &c. Accord- 
ingly this view set only the physi- 
ology of plant-life quite free for a 
purely mechanical treatment, which 
it received — after the suggestive 
beginnings made by Schleiden — 
mainly at the hands of Julius 
Sachs, from whose ‘ Lectures on 
Plant Physiology’ (1887) Kauf- 
mann gives the following very char- 
acteristic extract : “The organism 
is only a machine put together 
out of different parts j ... in a 
machine, even if only made by 
human hands, there lies the result 
of deepest and most careful thought, 
and of high intelligence, so far as 
its structure is concerned,” &c. (p. 
623). 

^ The two great facts which stare 
every unbiassed stmlent of nature 
in the widest sense in the face, 
and which always upset a purely 
mechanical view', are Purpose and 
Will. Lotze recognises both, and 
in all his writings never forgets or 
ignores them. Katuralists, who 
for the nonce are deeply interested 
and fully absorbed in the analysis 
of some definite organ, or some 
special chemical power in the 
organism, may usefully ignore 


these two facts, of which the firut 
only intrudes itself it we ri^e to a 
general, a comprehensive aspect; 
the second is a result of individual 
experience. Nor did Du Bois- 
Reymond ignore these facts. It 
is interesting to see how he deals 
with them in his earlier and later 
writings. In the earliei peiiod 
ho eliminates the problem of free 
will as not a scientiiic problem 
lit all, and gets over the rpiestion 
of purpose by a reference to the 
evident existence of purpose in in- 
animate nature also, — an idea wdneh 
really comes ultimately back to an 
assumption of a general animation 
of the wdiole of nature, such as 
has been maintained by many phil- 
oao[)hers and naturalists in very 
various forms. See, for instance, 
the further remarks of Julius Sachs 
in the passage <{uoted above. But 
there is no doubt that this method 
of viewing the teleology of nature did 
not really satisfy Du liois-Reymond, 
form thereprintuf his paper on vital 
force he refers to it as suiiorficial 
(‘Reden,’ vol. ii. p, 26), having hi 
the meantime adopted the explana- 
tion of Darwin, whose “highest 
title to glory” will, “so long as 
philosophy of nature exist •4,” be 
this, that he to “some extent 
allayed the agony of the intellect 
that ponders over the problems of 
existence ” (‘ Reden,’ vol. i. p, 216). 
In 1887 he liolds that what he 
wTotc as late as 1859, before the 
appeai'ance of t.he ‘ Origin of 
Species ’ — for instance his cele- 
brated Eloge of Johannes Miiller — 
is antiquated, though it still gives a 
valuable picture of the “tormenting 
confusion of those who could not 
free themselves from the embarrass- 
ing fetters of the fixity of species, 
the incompleteness of the paljoonto- 
logical records, and, more than all, 
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that this end or purpose was attained by purely 
mechanical processes, that no new force, called vital 
force, need be assumed to exist, that it was the adequate 
and sole object of science to disclose the mechanism by 
which the various ends of life were attained. The very 
idea of life, the vitalistic element or factor, was chased 
away beyond the region of the knowable, and remained 
merely an idea in tlie realm of thought, as it was for 
Descartes and Leibniz, and as it has remained, up to 
recent times, for von Baer and for Claude Bernard, and 
for all those who do not accept the Darwinian explana- 
tion. For Lotze, Du Buis-Keymond, and Claude Bernard ^ 


of final causes ; in one word, of all 
pre-Darwinian Darw inians ” (vol. 5i, 
p. 299). 

1 Du Bois-Keymond ( * Keden,’ vol. 
ii. p. 657) claims that the greater 
part of the progress in modern physi- 
ology belongs to Germany, in spite 
of the great talent and originality 
of Claude Bernard. He thus de- 
scribes the different position of 
the three countries : “ One branch 
of physiology especially emanated 
from Germany — general physics 
of muscle and nerve.s. Whereas in 
England exiierimental physiology 
lay fallow, while it moved in France 
in vivisection and zoochemistry, 
being held down in both countries 
by vitalism, German science was 
the first to advance to the in- 
vestigation of the surviving organs, 
especially of the frog, looking 
upon them as apparatus built up 
by nature, extremely complicated, 
yet conceivably only machines." 
This was spoken 'in 1880. Since 
that time a certain change has 
come over physiological reasoning, 
notably even in the very centre of 
the physico • chemical school at 
Berlin. In 1899 Prof, 0, Hertwig 
warns us of the other extreme, 


ojjposed to the oldei vitah&m, 
which would lead us to a one- 
sided and eijuully inade(,iuate con- 
ception of the vital jirocess . . . 
which would see in it merely a 
chemico - physical and mechanical 
problem, and would recognise the 
genuine science of nature only so 
far as it is possible to reduce 
phenomena to motions, . , . and 
to subject them to mathematical 
calculation" (‘Die Lehre voin 
Organismus,’ an Address, Jena, 
p. 8). How far Dti Bois-lleymond 
in later years modified his earlier 
notions, we can to some extent 
see from his published addresses. 
We know that the French school, 
with Claude Bernard as its most 
illustrious representative, never fell 
into the mistake of looking at the 
living organism as a physico-chemi- 
cal machine, and we may be inclined 
to attribute this to a large extent 
to those experiments on the living 
organism which were first institut- 
ed by Magendie, which, under the 
hands of Claude Bernard, led to 
the discovery of the action of the 
pancreatic juice, of the glycogenic 
function of the liver, of vaso-motor 
nerves, and of the effects of poisons ; 


25 . 

X.otze find 

Olaude 

Bernard 



410 


SCIENTIFIC THOUGHT. 


purpose exists in nature, notably in living nature; it 
is its very characteristic, its definition — the very quid 
];)ropriiim ” of life,^ but it is useless as a scientific concep- 
tion. It remains a problem for the philosopher, but the 


all of them epoch - making dis- 
coveries which revolutionised 
physiological scieiicej and which it 
ife difficult 1 jO conceive of as having 
heen made without vivisect ioiial 
methods. We have also a remark 
from the pen of tlie late Prof Georg 
Wiedemann, that Helmholtz him- 
aeh, that gieatetat master m the 
line of mechanico-physical reason- 
ing on the processes and organs 
of the higher seubes and the nerv- 
ous system, foresaw the necessity 
of resulting for further pi ogress 
to viviscctional rCHearch, to which 
he had a i)erftOnal dislike. (See 
Wiedeniaiui s Introduction to the 
third volume of Helmholtz’s 
‘ Wissenschaftliche Ablnuidlungcn,’ 

p. XXIV.) 

^ In many piissages of his later 
writings Claude liernard has dealt 
with tlie detinitioii of life ; most 
fully 111 the posthumously puh- 
lished volume enlitlod ‘ La .Science 
Kxpcrimentale ’ (Jlrd ed., 1800). 
He there arrives at the final state- 
ments (p, 207): ‘'Je ]jen,se, (luant 
a moi . . . <[ue les phenouienes 
chimiques dans Torganismo sent 
ex<icutes par des agents (»u dos 
procedes speciaiix ; maia cela 
ne change I'ien h la nature pure- 
ment ehiuiique den phcnoiuenes, 
^ec. . . . Leb agents (les plnhiom- 
ene.s chimittues dans les corps 
vivantft ne so borneut pas pro- 
duiredes syntheses chimiques, . . . 
maia ils les organisent. , . . Panui 
ces agents . . . le ])lus puissant et 
le plus merveilleux est sans con- 
tredit I’teuf, la cellule primordiale 
qui contient le germe, princqHj 
orgaaisateur de tout le corps. 
Nous ntoistons pas a la creation 
de rojuf ex nihilOf il vient des 


parents, et Torigme de sa virtualit(5 
Evolutive nous est cachce. ... 11 
y a coinme un dessiu vital qui trace 
le plan de chac^ue etre et de chaque 
organe ; . . . ils semblent diriges 
' par quehiue condition invisible dans 
, la loutc qii’ils suivent, dans Fordre 
I qm les enchain e . . . G’est cette 
puissance ou projirit'di' evolutive que 
nous nous boimons .l t'noncer ici qui 
seule constituerait le quid ^-iropriioii 
de la 'Vie, car il est clair tjue cette 
proprictc evolutive de Fuuf, (}ui 
produira un maioinifero, un oisoau 
ou un poisson, n’est lu de la 
physique, ni de la chimie. . 

En dlsaiit que la vie est Fidee 
directrice ou la forve Cvohdivc de 
Vvtre, nous expnmons Kimpleinent 
I’idee (Fuue unite dans la succession 
de iouB les changeiuouts morpholu* 
giques et chimupies aecomphs i>ar 
le germe depuis Fongine jusqu a 
la tin de la vie, . . . J^a forceU 
metaphysique evolutive par la( quelle 
nous pouvons caraetdriser la vie est 
inutile a, la wcionco, parce qu’etant 
eii dehors des forces physitiues elle 
ne pout exercer aucuuo inliuence 
sur elles. 11 faut done ici si‘parer 
le nionde metaphysique du moiide 
physique jilidnomeiial qui lui sort 
de base nuiis qui n’a rien a lui 
ernpruntor. Leibniz a exprime 
cette delimitation dans les x>anjleH ; 
‘ Le corps so ddveloppe mdeanique- 
ment, et les lois indcaniques ne aont 
jamais violdes dans les niouvements 
nafcurels ; tout so fait clans les aiues 
comme s’il n’y avait pas de corps, 
et tout se fait dans le corps, comme 
s'ilu’y avait pas d’dmes.’ , . . Nous 
d irons avec Descartes ; ou ‘pe’tine 
mais on vlt et 
on offit phydqnemcntP 
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naturalist may neglect it, or at best can only use it as an 
heuristic ’’ help, as an indication where to look for the 
special mechanical contrivances which he is trying to 
unravel. It seems to me that the position which such 
thinkers take up towards the objects or individuals of 
living nature is similar to that of a mathematical student 
who clearly comprehends the solution of an algebraical 
problem, but who himself would be unable to find it. 
He may all his life remain in this attitude without being 
able to find any solution himself : he has got complete 
hold of the mechanism, but not of the idea, of mathe- 
matical reasoning. The student of nature could thus 
hope evenUially to understand the inechaiusm of life, but 
the idea is lieyond his comjnehonsion. This can be ex- 
pressed by saying : the mechanism of life is ultima tel}' 
comprehensible, though highly intricate; tlie idea of life 
is transcendental, incoinprehensible. Let us not trouble 
ourselves aliout the manner in which life first originated, 
but let us study the mechanical processes by which it is 
maintained, by wliich its various ends are accomplished. 
Let us study the mechanisin of the clock, though this 
may not tell us the story of its maker nor the process 
of its manufacture. Those who cling to the conception 
of a vital force or principle would probably not even 
admit as much as this. It is doubtful whether Liebig 
to the cud, wliether Huxley in his earlier period, and 
Du Lois-Iteymond in his later writings, would have 
admitted even this position. 

We are now prepared to understand the novel position 
which the Darwinian conception of natural processes 
introduced so far as the teleology of natui'e is concerned, 
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— Ilow it dealt with final causes, with the apparent exist- 
ence of a purpose, an end in the processes of nature, 
notably of the living organism. 

It must here be remembered that the question how 
living things come to exhibit traces of design and pur- 
pose has really nothing to do with the nature and pro- 
cesses of life : it is not necessarily a biological question. 
Every machine shows the same marks of design, ])ut is 
not therefore alive. The influence of Darwin’s principle 
of natural selection, of overcrowding and consequent 
struggle for existence and survival of the fittest speci- 
mens, has therefore not been in tlie direction of explain- 
ing any of the vital processes which are at work in the 
imlividual organism. It is at best merely a statistical 
relation, a peculiar phenomenon occurring only in a large 
or congested group of living and self- multiplying beings : 
it presupposes the facts of 3*eproduction, heredity, and 
variation ; it does not explain them. Hence I dealt 
with Darwin’s ideas in tlie last chapter, and did not 
introduce them under the present heading of fliohgical 
Thought. As we shall see later on, Darwin did re- 
cognise the necessity of attempting also a biological 
explanation. 

The possibility of explaining the marks of design as 
merely apparent depends on the conception of the genetic 
process acting on a large, a gigantic scale: individual 
things put forth ever new developments by whieli they 
eventually overtop their neighbours, ultimately advanc- 
ing to such a degree of excellence and individual per- 
fection that to an outside beholder the few surviving 
specimeiis give tlie impression of having been origin- 
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ally designed. In fact, they only exist because those 
numberless individuals which could not grow in a suffi- 
cient degree perished in the struggle. Only those in- 
dividual specimens survived in whom, in one or a few 
directions, something specially excellent was produced 
at the expense of development in other directions. In 
the mass, the crowd are sacrificed — Le., automatically 
crushed, in favour of the few : in the individual, one 
special growth is automatically pursued at the expense 
of a general but less enduring — Lc , self-assertive — de- 
velopment. The end — the seeming purpose — is pro- 
duced in the process of production, it being merely 
something more enduring — i.e , something better. It 
conveys the impression to an outside beholder of having 
been consciously set at the term of the process of devel- 
opment ; ill reality it was produced simultaneously. The 
mountain peak which towers above its neighbours, and 
gives a distinctive rounding off and finish to a landsca])e, 
may be conceived as having been built up by the selective 
action of the natural artist who brought together the best 
materials uud placed them in their most enduring posi- 
tions: ill reality it owes its existence only to one out of 
the numberless throes of nature which hap])ened to take 
place with stronger materials and in more stable forms 
of arrangement and groujung, or it is duo to the denuda- 
tion of the strata surrounding it. The end and purpose 27. 
of any natural dovelopment is that which it can itself 
automatically produce and endow with most distinctive 
and enduring characters, for this only survives at the 
expense of weaker productions : there is a natural result 
in development, but there need not be a purpose. The 



414 


SCIENTIFIC THOUGHT. 


contemplation of the result may permit ns to trace 
backward the process by which it was brought about; 
but we are not warranted in assuming that it existed 
independently, like the plan of a building or the purpose 
of an instrument. In the place of a growth according lo 
a prearranged plan, Darwin put the conception of an 
automatic adjustment called natural selection'’, in the 
place of a conscious end or purpose he put the concep- 
tion of a mere result, a product, the “ surviving fittest/' ^ 
The development and proof of Darwin’s ideas gave a 
new impetus to biological research, as it did also to the 
science of the history and economy of nature. The fact 
that the phenomenon of selection, or rather of automatic 
crowding out, presupposes intimate relations and contact 
of every living thing with numberless other similar and 
dissimilar beings, led naturalists into the open air, to 


1 X very full appreciation of the 
groat change that has come over 
the ftciences of nature through the 
influence of Darwin will be found 
in the various writings and ad- 
dresses of Prof. Haeckel, notably 
m his address to the (Jermaii As- 
socintionjin 1877 at Munich, “ Ueher 
Eiitwickelungblehre (reprinted in 
‘ Gesammelte popularo Vortriige,’ 
vol. ii. p. 97). A more critical exam- 
ination, referring sjjecially to the 
central biological jiroblems, is the 
address liy Du Bois-Keymond, de- 
livered in IK76 in the Berlin Acad- 
emy, and reprinted in ‘ Redcu,’ vol. 
i. j). 211, with valuable literary 
notes. He there discusses how far 
the principle of natural selection, 
in addition to the general doctrine 
of descent, has been adopted or op- 
posed, and refers to the outstand- 
ing diflEicultieH. “ One of the great- 
est difficulties,’’ he says (p. 2i!6), 
presents itself in physiology in the 


bo-called regonei ative power, aiid- 
wdiat is allied to it — the natural 
power of healing : this may now be 
seen in the healing of wouiuU, in 
the delimitation and compensation 
of naorbid processes, or, at the 
fai'thest end of the seiics, in the 
re- format ioii of an entire frcbh- 
water polyp out of one of the two 
halves into which it hatl been 
divided. This arlitlco could surely 
not have been learnt by natural 
selection, and here it ap)ieais im- 
possible to avoid tlie assumption of 
formative laws acting fur a pur- 
pose. They do not become more 
intelligible by the fact that the 
regeneration of mutilated crystals, 
observed }>y Vasteur and others, 
points to similar processes in inani- 
mate nature. Also the ability of 
organisms to perfect themselves by 
exercise has not found sufficient 
appreciation with regard to natural 
selection. ” 
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outdoor research, into the arena of real life. On this 
I dwelt 111 the last chapter. Ideas of a cognate kind 
had already emanated from other schools, such as that 
of Liebig, — the circulation of life in the different pro- 
vinces of nature, the interdependence of different species 
of living things. Isolated investigations, like those of 
Gartner and Sprengel, of Huber and Lubbock, on insect 
life, or of bacteriologists like Pasteur and Boussiiigault 
on fermentation and fertilisation, leceived a fitting place 
as important chapters in the economics of nature. The 
problem of life became twofold — the life of the com- 
niunity and the life of the individual : organisation and 
individuation. Two great questions presented them- 
selves : What is an individual ^ what is a society of 
individuals ? Physiologists were from of old accustomed 
to ask the former ; economists like Ilousseaii and Adam 
Smith had asked the latter question. Loth now became 
questions for the biologist. Physiology and economics 
joined hands. In isolated instances, as in those of Liebig 
and von Baer, these two interests had already been united. 
The real meaning and reason of this union now became 
clear to eveiy one : it revealed itself as founded on the 
two characteristic features of life — individuality and co- 
operation. Witli the exception of the strong emijbasis 
put by Liebig on the latter side of natural, notably 
organic processes, biologists before Darwin had mainly 
studied the phenomena of individual life. In two special 
directions — in embryology and in the cellular theory — 
they had made great progress. I have already treated 
of these advances in their bearing upon morphology, the 
study of forms, and upon genesis, the study of change 
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and development. Let us see how they affected biology 
proper — the study of life. 

The early propounders of the cellular theory were 
evidently much influenced by the then existing theories 
which explained the constitution of inorganic chemical 
substances by atoms and by the processes of crystal- 
lisation. The progress of science, however, was in the 
direction of showing more and more that these borrowed 
conceptions are quite inadequate. Eeasoning or thinking 
on organised matter is quite different from that which 
refers to unorganised substance. Chemists and physicists 
deal with atoms as imaginary units, which form the ideal 
groundwork for constant arithmetical proportions or for 
the action of calculable mechanical forces measured 
by observable movements. Biologists, whether dealing 
with plants or animals, approach the cells which they 
regard as the units of living matter with the micro- 
scope — an instrument which, till quite recently, has only 
been sparingly used in chemical research. The units 
of the chemist far transcend our powers of vision ; the 
units of the biologist are to some extent accessible to 
our senses. All organisms have been found to be 
analysable by the aid of the microscope into similar 
morphological constituents called cells, which present 
very similar forms and functions. This has had the 
advantage of permitting the phenomena of life to be 
analysed into a few fundamental processes common to 
all living things; the great diversity of the larger 
organisms, and the more conspicuous phenomena of life, 
being conceived as put together in various ways out of 
these elementary units, which exhibit in varying degrees 
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of intensity the living processes common to all. Just 
so a state or human society is made up of a large 
number of individuals, all having the same human 
nature, who carry on the different functions peculiar 
to each with varying degrees of efficiency. The concep- 
tion of the cell as the unit or type of all living 
matter, and the further discovery that there exist uni- 
cellular beings which are not essentially different from 
the constituent living elements of the most complicated 
organisms, has brought physiological research to a focus. 
The difficulties in the study of biological phenomena 
have vanished as those of the organic chemist did on 
the introduction of the conception of valency, of the 
saturating powers of chemical substances. Accordingly, 
if we compare a text-book of these subjects written in 
the middle of the century with one belonging to the 
latter part of it, we find an enormous diflerenee of 
treatment. It is instructive to contrast the introduction 
given in Johannes Muller’s ‘Elements of Physiology’ 
and that of Professor Michael Poster’s ‘ Text-book.’ The 
former represents the most advanced knowledge obtain- 
able at the end of the thirties — the latter that of a 


generation later. The former contains a lengthy intro- 
duction on general physiology — the latter a short one 
on the physiological properties of a living amoeba,^ a 


^ Already, in 1835, K. E. von 
Baer pointed out how the study 
of one small animal can revolution- 
ise our entire reasoning, “ Ninety 
years ago a naturalist discovers 
the hydropolyp, an insignificant 
slimy animal, not larger than a 
peppercorn, and how, without 
head, sense-organs, muscles, nerves, 
blood, and sexual organs it never- 

VOL. IX. 


theless is nourished, grows, feels, 
moves, and multiplies,-- how it can 
even he divided, each part farm- 
ing a whole : he observes it with 
much wonder for nine years with 
untiring pei-severance. At that 
time many would, no doubt, con- 
sider such an occupation childish 
and unworthy, yet these diligent 
observations have slowly but ma- 
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unicellular organism which is taken as a type, a model 
of all the phenomena of life. The former consists of 
philosophical and abstract generalisations, gathered from 
many sources; it treats of life in general, of the vital 
force, of the difference between animal and plant life, 
&c. : the latter sums up the whole matter of the treatise 
under a few heads, taken from the life of the simplest 
living thing. The generalisation has become an actual 
observable example. This transition from the abstract 
to the concrete, from the idea to the thing itself, is owing 
mainly to those definite conceptions which in Muller’s 
time were being slowly elaborated : these were the cellular 
theory, the larger conception of '' Stoffwechsel ” as con- 
tained in tlie term ‘'metabolism,” and the conception 
of “ differentiation of tissue ” connected with division 
of labour. The two former are already very clearly 
foreshadowed in Theodor Schwann’s microscopical re- 
searches; the latter takes us back to K. E. von Baer’s 
enibryological researches, to which the l)a,rwinian idea 
of a struggle for existence, and the consequent tendency 
to one-sided development of form and function, have 
given an additional importance. Of the first and third 
of these definite modern conceptions I have treated 
above. The cell is the morphological unit of living 
matter. The process of differentiation was recognised 


terially influenced physiology, the 
basis o£ medicine, and hence also 
the latter; and it is incalculable 
what many of those here present 
have gained through such influence 
in days of sickness or may still gain. 
Whoever carefully studies the de- 
velopment of physiology, will be 
convinced that it is mainly Trem- 
bly’s observations of the hydro- 


polyp that have changed the former 
aspect of things, and that t.he trans- 
formation of the general views of 
life has altered the theory of sensa- 
tion, circulation, &c., very materi- 
ally, and is still active” {‘‘Blicke 
auf die Eutwickelung der Wissen- 
sehaft,” an address, reprinted in 
‘Iteden,’ vol. i. p. 109). 
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ill the examination of dead embryos in various stages 
of development, and the idea of the division of labour 
is one flowing from the premises of the Darwinian 
theory — the facts of variability and overcrowding. The 
second conception, that of “ metabolism/' touches im- 
mediately upon the processes of life, and demands 
special treatment in the present chapter which deals 
with biological Thought. 

The conception of a continuous exchange or circulation 
of matter and of energy m every living orgaiiisni, and 
the study of this elementary tyi>ical form of the living 
process in the morphological unit of all living or- 
ganisms, in the cell, seems to have originated with 
Theodor Schwann,^ and is laid down in his ' Micro- 
scopical Eesearches,’ published in 1839, On it is based 
the whole simplifleatioii and unification of biological 
thought which distinguishes the second from the tirst 
half of our century. The study of the cell — its 


^ On the change which came 
over general physiology about 1S40, 
and the part he himself played, 
Theodor Schwann has expressed 
himself in a letter addressed to 
Du Bois-Reymond, which is ^iven 
in the notes to the latter’s Eloge 
of Muller, reprinted iu the second 
volume of his ‘ Reden,’ pp* 1 13-334. 
It forms one of the most im- 
portant historical documents. The 
Eloge itself should be read together 
witli Claude Bernard’s * Rapport,’ 
&c., mentioned above (p. 384 n.), 
which gives the history of the great 
change from a more exclusively 
French point of view. In the 
letter mentioned above, from which 
also the (luotations given in the 
text are taken, Schwann claims 


that the first instance in which 
an “evidently vital phenomenon 
was submitted to mathematical, 
numerical” rule, was liis measure- 
ment of the carrying power of 
a muscle in relation to its con- 
traction in 183 b, The purely 
physical view of vital phenomena 
exhibited in this example was n<it 
adopted by Muller, nor yet the 
quickly following general principle 
of the cellular theory, Schwann 
refers to the third section of his 
‘ Microscopical Researches, ’ in 
which he discards ‘’vitalism,” but 
admits in man (“on account of 
his freedom ”) an immaterial pi in- 
ciple, and claims that this assump- 
tion divides him distinctly from the 
materialists. 
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formatioiij growth, division, and inamteiiance of form 
amidst change of matter and alternation of function — 
constitutes the “ prolegomena ” of physiology, and a com- 
parison of Prof. 0. Hertwig's recent publication on the 
‘‘ cell ” with the introduction to Johannes Muller's ‘ Phys- 
iology ’ marks well the change of ideas which half a 
century has produced. And we must so much the more 
adinire the clear anticipation of Schwann, as he was not 
in possession of the full conception of energy in its 
two interchangeable forms of kinetic and potential 
energy, which was developed in the course of the two 
decades following his publication. Schwann not only 
conceived the cell to be the morphological unit of all 
living matter, but he also saw that ''cell formation 
must be tlie general principle of organic development, 
and that there can he only one such principle.” In 
the third section of his 'Microscopical itesearehes' ho 
founds on this "his theory of organisms, and rejects 
distinctly therein all teleological explanations based upon 
a vital force acting according to hnal purposes.” He 
thus showed "that the only essential property of all 
living matter — vi;5., growth— is not inaccessible to a 
physical explanation,” and he did this at a time " when 
Liebig had not yet taught pliysiologisis the chemical 
changes whicli take place in living tissues.” Tlicse ideas 
were only partially adopted by Johannes Milller and 
other leading physiologists of the day, Schwann's view 
could only be consistently elaborated in proportion as 
to the older conception of a “ Stoflwechsel ” (a chem- 
ical process) there was added that of a "Kraft”- or 
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'' Energie-wechsel ” ^ (a physical process). Bio-chemistry 
had to be supplemented by bio-physics. With a clear 
anticipation of the correcter and fuller view, Schwann 
introduced the Greek term “ metabole.’’ It is the merit 
of Prof. Michael Foster to have domiciled this useful 
and all-comprising technical term in English physiological 


^ Du Bois-Reyiiiond (‘Reden,’ i 
vol. ii. p. 220) inentious this as the ’ 
third important gain which phys- i 
iologxcal science had to register I 
since the appearance of Muller’s I 
book; the fnvst and second being 
the cellular theory and the mech' 
anico-physical method, both largely 
owing to Schwann. This was 
written just before the great 
intiueuue of Darwin began to be 
felt. In the ideas introduced by 
Hehnlioltz, which claiified the con- 
ception of force, he sees the “key 
which opens a comprehension of 
the ‘ Stoffwechsel ’ in plants and 
animals.” The term “Stoff- 
wechsel,” also “ Stoffurasatz,” or 
simply “ Umsatz,” has been quite 
familiar in German physiological 
literature during the whole of the 
century. I cannot find any gener- 
<ally accepted term in English liter- 
ature before the introduction of 
Schwann’s term “ metabolic phen- 
omena,” which, I believe, was first 
adopted by Sir M. Poster, and 
is now quite domiciled in English 
text-books and translations. The 
passage in Schwann’s * Microscop- 
ical Researches ’ is as follows 
(‘Sydenham Society’s Translation,’ 
p. 193): “The phenomena attend- 
ing the formation of cells may be 
arranged m two natural groups : 
first, those which relate to the 
combination of the molecules to 
form a cell, and which may be 
denominated the ylmth phenom- 
ena of the cell ; secondly, those 


which lesult fiom chemical chaugeb, 
either m the component particles 
of the cell itself or in the bur- 
rounding cytoblastema, and which 
may be called meUcholic phenomena 
(to /j.€raj:io\iK6v, impljdiig that 
which is liable to occabiuu oi to 
suffer change).’* It will be -^eeii 
later on that the term metabolibin 
is a pecuhaily happy one. as it 
lends itself by a slight change in 
the prefix to denote the tivofold 
process of building up and of run- 
ning or falling ilown, which con- 
stitutes the changes peculiar to 
piotophism as the constituent 
element of all organised subbtance. 
It is, accordingly, somewhat sur- 
prising that the term has found 
so little favour abroad. In Prance, 
where this twofold movement has 
long ago been recognised as one 
of the characters of the living 
process, the terms “ composition 
et decomposition ” (de Blainville), 
“ organisation et desorgani.sation ” 
((Jlaudo Bernard), “ assimilation et 
desabsimilation,’ 'have been variously 
adopted (see Claude Bernard, ‘ X*hen- 
omcnes de le vie,’ vol. i. i>. 36, 
&c.} M. Yves Delage (‘ L’HurcdibV 
p 53) says : “ Des Anglais ont sub- 
stitue a ces expressions si signi- 
fieatives : nutrition^ mmnilution^ 
d^sassmilatmif une terminologie 
qui a dii leur paraitre bien belle, 
car ils Pont tous adoptee avec 
un empressement reman suable ; 
e’est eelle de m<?taboHsme,” &c. 
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literature, to have placed it at the entrance of his text- 
book of physiology, and thus to have given the student 
a somewhat more detailed description of the elementary 
functions of living matter than was afforded by the older 
term vortex,” employed by Cuvier. 

These merits of Schwann, which attach more to tlie 
conception of ‘‘ metabolism ” than to tliat of the coll, 
are not reduced by our having to state that tlie latter 
conception has been entirely changed since his time. 
The cell of to-day is not the cell as Schwann conceh'ed 
it. Of the pretty clearly defined structure or organ- 
isation of that biologist, with its wall (membrane), 
its kernel (nucleus), and its llihil contents (cell sap), 
nothing has remained but the cell contents, termed 
l)rotoplasin 1)y von Mold ; and the living piocess can no 
longer be considered as the function of a well-<lefined 
organ or machine. It is rather the fundamental property 
of an almost homogeneous substance, the mass of proto- 
plasm, in whieli the kernel is the only recognisable 
diflerentiated portion. The immediate ellect of this de- 
structive analysis of the early conception of the cell was 
to destroy the idea that the liviiig processes carried on in 
any special cell or organ are a result of its organisation, 
as the function of an apparatus is dependent u])on the 
arrangement and combination of its parts, It has pro- 
moted the view that — for our understanding at least — 
the first thing to learn is the nature of the processes 
th(3mselves. We have to look upon the visible structure 
of special cells and organs merely as ''mechanical con- 
trivances, serving only to modify in special ways the 
results of the exercise of these fundamental activities, 
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and in no sense determining their initial develop- 
ment/’ ^ 

It seems, then, that we can date back to Schwann’s 
‘ Eesearches ’ the origin of two distinct courses of Thought 
which in the second half of our century obtain in 
biological science. The first we may call the morpho- 
logical or structural school of biology. It is based on 
the theory of the cell or some modified conception, and 
attempts to explain the fundamental processes which 
go on in living organisms from the structure of the 
elementary parts. As the most minute particles of 


^ See Sir Michael Foster’s excel- 
lent article ou “ General Physiology” 
in the 19tli vol. of the ‘ Eucy. Brit.,’ 
9th ed., p. 12. In this connection 
a passage from an early review of 
Huxley’s, “ On the Cell Theory,” 
has been frequently quoted, ac- 
cording to whicli cells may be 
“ no more the producers of the 
vital phenomena than the shells 
scattered in orderly lines along the 
sea beach are the instruments by 
which the gravitative force of the 
moon acts upon the ocean. Like 
these the cells mark only where the 
vital tides have been and how they 
have acted” (1853, in the ‘Brit, 
and For. Med. Chirurg. Be view,* 
reprinted in the first volume of 
* Scientific Memoirs,’ p. 277). Ac- 
cording to this view, which has 
been further developed in more 
recent times, the cells would be 
“indications,” not instruments, of 
the vital phenomena, which “are not 
necessarily preceded by organisa- 
tion, nor are in any way the result 
or effect of formed parts, the 
faculty of manifesting them re- 
siding XU the matter of which living 
bodies are composed, as such— or, 
to use the language of the day, 
the ‘vital forces* are molecular 


forces.” It is interesting to (juote 
together with this passage from 
Huxley, what was said forty years 
later by an eminent living pliy&io- 
logist, Prof. Max Verworn of Jena : 
“ The fact has been established that 
a fundamental contrast between 
living organisms and inorganic 
bodies does not exist. In contra- 
distinction to all inorganic nature, 
however, organisms are character- 
ised solely by the possession of 
certain highly complex chemical 
compounds, especially proteids ” 
(‘ General Physiology,’ transl. by 
P. S. Lee, 1899, p. 126). “ 

can summarise our considerations 
and give simple expression to the 
problem of all physiology. The I 

consists in the metabo/mn 
of proteids. If this be true, all 
physiological research is an experi- 
ment in this field ; it consists in 
following the metabolism of proteids 
into its details, and recognising the 
various vital phenomena as an ex- 
pression of tliis metabolism which 
must result from it with the same 
inevitable necessity as the pheno- 
mena of inorganic nature result 
from the chemical and physical 
changes of inorganic bodies ” (ibid., 
p. 136). 
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living matter, revealed by the most powerful microsco])e 
aided by all the elaborate processes of staining, still 
appear to be endowed with the fundamental properties 
of life, such as irritability, contractility, and metabolism, 
change in form and chemical constitution, the 
object of this line of research, viz., the investigation 
of the initial structure of the elements of living matter, 
can only be reached by indirect means or by conjecture. 
Structural chemistry and stereo-chemistry proceed by 
similar methods of investigation, and have succeeded 
by means of the atomic, molecular, and kinetic theories 
of matter in bringing ordei* and unity into a very large 
portion of our knowledge of chemical combinations. The 
morphological or structural biologist pictures to himself 
very much more complicated arrangements of molecules 
than the carbon tetraliedron of van ’t Hoff or the l)enzine 
ring of Kekule, yet formed on similar principles; and 
by continuing in his mind these combinations which, 
as they become more complex, also become more un- 
stable, he arrives ultimately at a very complex and 
continually changing chemical structure, which he imag- 
ines might be the beginning of the living process, the 
element of organisation. This conception, so far us I 
can find, was first introduced into biological literature 
by Herbert Spencer. He has termed this element 
of living matter the physiological unit ” The con- 
ception has been varied in endless ways by many sub- 
sequent biologists, all of whom have invented sx>ecial 
names for these elementary units of life out of which 
they hope to put together the many observable proto- 
plasmic and cellular tissues of the plant and animal 
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organism as Haiiy attempted to build up crystals out 
of his ** molecules int^grantes.*' The most elaborate an- 
alysis of this conception is put forward in the ‘ Micellar 
Theory ’ of the celebrated botanist Nageli, which in 
Germany has found favour with many eminent bio- 
logists as a provisional programme of the various 
problems involved. It is clear that the conception of 
the physiological unit opens out two distinct lines of 
research. We can approach it on the one side by 
artificially producing in the chemical laboratory more 
and more of those chemically stable compounds which 
we find in the living organism. After Wohler had 
produced urea artificially in 1828, the number of 
these artificial syntheses greatly increased, and we arc 
specially indebted to M. Berthelot for having shown 
how all the simpler chemical compounds contained in 
the organism can be put together by inorganic processes. 
Some of the more complex substances have likewise 
subsequently yielded to this synthetic method. “ It is 
possible,” we are told, “ that after a time our know- 
ledge of chemistry may have advanced sufficiently to 
enable us to produce albuminous bodies artificially by 
synthesis,”^ “We are already able artificially to build 
up, atom for atom, out of their elements a series of 
organic compounds, some of a very complicated char- 
acter. We no longer doubt that all the rest, even 
the most complex, will be thus produced; it is only 
a question of time,” ^ But the ways in which the 


^ See 0. Hertwig, ‘The Cell,’ p. 

16 . 
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chemist puts together these substances in the laboratory 
are rarely the methods adopted by nature in the 
living organism, and in many cases the product itself, 
though apparently the same, is yet essentially different.^ 


^ This touches on a very im- 
portant point, which is much 
emphasised in all the best modern 
treatises on the subject. Claude 
Bernard in all his writings insisted 
on the fundaniental dilierence be- 
tween the processes going on in the 
organism and those that go on in 
the laboratory of the organic chem- 
ist, though tlie two produce fre- 
quently the same apparent result. 
“Si les forces (]ue Tctre %dvaiit met 
en jeu dans wes inanifestatious vitalcs 
lie lui a]>partiennent pas et rentrent 
toutes dans les lois de la jibysico- 
chimie gcudrale, les instruments et 
les procedits a I’aido de.s(]uolH il les 
fait apparaitre lui s(»nt certainement 
Mpeciaux, En ellet, rorganisme 
manifeste sos phenouienes physieo- 
chirniquos ou nnicaniques a I’aide 
des olunieiils histologiqucs eellu- 
laires, lipithdliaux, muscuhure.s, ner- 
veux, i^c. II einploie done de pro- 
ec*(lds, c’e&t-a-dire des outils orgaa- 
iqucri qui n’appartionnent (ju’ii lui. 
C'est poiirquoi le chimist(‘, qui peut 
refaire, dans son lahoratoire, les 
produits de la nature vivante, ne 
saurait j.amais imitor ses })roml(?s, 
parce tiui il ne peut pus raver les in- 
struments organif^ueb dlcmentairos 
qui les rjxdeutent. Cela revient h 
dire que toua les appareils dcs Otres 
organises ont une laorphologie qui 
leur est propre” (‘Rapport,’ &c., 
1807, p. 135). Quite recently 
Bunge {he. eit,, p. *313) has said, 
“All our artificial .syntheses can 
only be achieved by the application 
of force.s and agents which can never 
play a part in vital processes, such 
as extreme pressure, high tempera- 
ture, coacenirated mineral acids, 
free chlorine — factors which are 
immediately fatal to the living 


cell. . . . It follows that the animal 
body has command of ways and 
means of a totally different char- 
acter, by wdiich the same object is 
gained.” A very intere.sting specu- 
lation, referring specially to thus 
point, was put forwaid by the 
eminent phy.siologist, Prof. K 
Pfluger of Bonn, in the year 1875. 
It hs fully discussed in Vei worn’s 
frequently quoted work on General 
Physiology (p]). 304, 311, 4iS2). 
The theory is based ujxui the re- 
markable part winch the compound 
ladicle cyanogen seeims to pJay in 
the organism, f’iiuger shuts trom 
the tunchuuental characteristics of 
the .substance called protcid, with 
which life is inseparably con- 
nected. Protcid is kmnvn to exist 
in a stable form in food-stuffs, for 
instance in egg albumen, But this 
is not the same as the proteid con- 
tained in living matter, in the 
latter it i.s not stable, but is being 
continually dccomposeil. The de- 
composition wa.s found to ho due 
to the oxygen that f>fieurs in the 
living proteul molecule, Thi.s oxy- 
gen, which is intramolecular, being 
continually received from out.side 
by respiration, transforms the more 
stable molecule into an unstable 
labile molecule. In further follow- 
ing the clue afforded by this pro- 
perty, and comparing the dectan- 
p<iHition products of living proteid 
with those obtained by artificial 
oxidation of <lead proteid, Pfliiger 
is led to the couelusion that the 
presence of the radicle cyanogen in 
the living proteid will explain the 
diffeieuce. **In the formation of 
cell-substance — t.e., of living proteid 
— out of food proteid, a change of 
the latter takes place, the atoms of 
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Another way of inquiry is to analyse the existing 
organic tissues still further hy microscopic and chemical 
methods, in order to find out how they are built up. 
As the result of such inquiries we have a framework 
theory of protoplasm, a foam theory, a filament theoiy, 
a granular theory ; and the attempt has been made to 
define living protoplasm as a colony of still smaller 
structural units termed “ bioblasts.” By this twofold 
method — by synthesis and by analysis — the biologist 
may attempt to approach the physiological unit, the seat 
and stronghold of the vital process.^ 


niti'ogen entering into a cyanogen- 
like I elation with the atom.s of 
carbon, iirtjbahly with the absorp- 
tion of coiiftKlerable heat.” Cyano- 
gen being a ladiele po.ssesbing a 
great ([uaiitity of internal energy, 
the addition ot it to the living 
molecule “intiH)duceb into the living 
matter energetic internal motion.” 
The intere.st which attaches to the 
theory lies m this, that it allows us 
to form some conception how living 
matter originated. This problem is 
indeuiified with the problem, How 
does cyanogen arise ? This we 
know is formed at an incandescent 
heat. “Accordingly, nothing is 
clearer than the possibility of the 
formation of cyanogen compounds 
when the earth was wholly or par- 
tially in a fiery or heated state. . . . 
If, now, we consider the immeasur- 
ably long time during which the 
cooling of the earth’s surface 
dragged slowly along, cyanogen, 
and the compounds that contain 
cyanogen and hydrocarbon sub- 
.stances, had time and opportun- 
ity to indulge extensively their 
great tendency towards transfor- 
mation, . . . and to pass over, with 
the aid of oxygen, and later of 
water and salts, into that self- 
destructive proteid, living matter. 


. . The fir.st pioteid to arise was 
living matter, endowed iu all itf- 
radicles with the propeity of 
vigorously attracting similar con- 
.stituents, adding them chemically 
to its molecule, and thus growing 
ad This theory is in- 

teresting, as it i.s, so far as I know, 
the only attempt to reconcile the 
existence of living matter with the 
fact of the high temperature which 
once existed on the earth. 

^ A description of these several 
theories on the structure of prr>to- 
plasm, among which the micellar 
theory of Nageli, the foam theory 
of Butschli, and the “bioblast^” 
of Altmann, have been elaborately 
developed, will be found in Prof. 
0. Hertwig’s work on *The Cell’ 
(Engl, transl., p. 19, &c.), as also 
in 5l. Yves Delaga^s great woik, 
‘VHdrcditd’ (pp. 299-310). Ver- 
worn (Joe. cit, p. 87) draws special 
attention to the '‘alveolar” or 
“foam” theory, W’hich, built upon 
investigations of Prof. Quincke, 
has “completely clarified our ideato 
upon the real nature of the proto- 
plasmic structures so much ob- 
served. ... As a result of tbe.se 
recent investigations the following 
picture can be formed of the finer 
morphological structure of proto- 
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There is, however, a second way open to the student 
of the phenomena of life, and this may be termed 
the ‘‘ physical method,’* as opposed to the “ structural.” 
Thus chemists and pliysicists first establish the general 
laws of motion and change in dynamics and energetics, 
and subsequently apply them to special problems, sucli 
as those of physical astronomy or the chemistry of 
electrolysis and solution. Similarly the physiologist 
may study the processes common to all living matter, 
and look upon the action of a definite cell, tissue, or 
organ merely as an application of these general processes, 
yroin this point of view structural biology, like struc- 
tural chemistry, only furnishes illustrations, not an ex- 
planation, of the vital pi'ocesses : the special striuiture 
or organ is a result of the process or function — 
not its cause. As Prof. Michael Poster says, “We may 
throw overboard altogetlier all conceptions of life as 
the outcome of organisation, as the mechanical result 
of structural conditions, and attempt to put physi- 
ology on the same footing as physics and chemistiy, 
and regard all vital phenomena as the complex pro- 
ducts of certain fundamental properties exhi luted by 
matter, which, either Irom its intrinsic nature or from 


plusiii, Protoplasm coiiswts of a 
ground miisH in many cases com- 
pletely homogeneous, in most cases 
very finely foam-like or honcycomb- 
Hke, in which lies embedded a 
greater or less quantity of very 
various solid elements or granules. 
In the foam ‘like pnitoplasm the 
granules always He at tlie conier& 
and angles where the foam -vacuoles 
eoiiie together, never in the liquid 
uf the bubbles themselves.” Some 
physiologists think that none of 


the descriptions of protoplasm i(*. 
architecture help us much, and 
** bold to the fundamental principle 
that living matter acts by virtue of 
its structure, provided the term 
structure be used in a sense which 
carries it beyond the limits of ana 
tumical investigation— ie., beyond 
the knowledge which can be at- 
tained either by the scalpel or tlie 
microscope” (Burdon Sanderson, 
‘Address,’ Brit. Assoc., 1889, ]>. 
607). 
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its existing in peculiar conditions, is known as living 
matter.” ^ 

Thus, instead of trying to penetrate to the physio- 
logical units and construct them through a process of sJibstal'ye” 
imagination, this latter class of biological thinkers con- 
fine themselves to the task of describing in the simplest 
manner and as completely as possible the various proper- 
ties of the living substance — 4.c.^ its functions.^ And 


^ * Ency. Blit.,’ article ^‘Physi- 
ology,” vol. \ix. p 12 See also <m 
address delivered by Prof. Luidoii 
Satidenson at the uieetuigot theBiit. 
Ah^oc at NewciiBtle in 1889 (‘Re- 
poT t,’ p. (504) : “ I )unng the last ten 
lU’ tifteon yearti hibtology has carried 
hei' methods of researuii to such a 
degree of perfection that further 
improvement scarcely seems pos- 
sible. As conipaied with these 
subtle refiuementM, the * minute 
anatomy ’ of thirty years ago seems 
coarse— the sldll foi' which we once 
took credit seenib but clumsineas. 
Notwithstanding, the problems of 
the future from their very nature 
he as completely out of reach «jf the 
one a.-, the other. It is by different 
metlKjds of investigation that our 
better - e<tuipped succehsors must 
gain insight of those vital processes 
of which even the ultimate results 
of niicrosco])ical analysis will ever 
be as they are now, only the out- 
ward and visible signs” (]j. 608). 

A>, Prof. Bunion Sanderson puts 
it in his ‘ Address,’ it is a reversion 
to a position which is not new in 
the history of pliy&iology. ^ ‘‘The 
departure from the traditions of 
our science which this change of 
direction seems to imply ia indeed 
more apparent than real. In tracing 
the history of some of the greatest 
advances, we find that the recogni- 
tion of function has preceded the 
knowledge of structure. Haller's 
discovery of irritability was known 


and bore fruit long before anything 
was known of the structure ut 
muacle (p 607). “ . , . In much 
more recent times the investigation 
of the function of gland -cells, wdiich 
has been earned on with such le- 
maikable results by Prof. Heiden- 
haiu in Germany, und with equal 
success by Mr Langley m this 
country, has led to the discovery 
of the structural changes which 
they undergo in passing from the 
state of repose to that of activity ; 
nor could I mention a better ex- 
ample than that afforded by Dr 
Gaskell’s recent and very important 
discovery of the anatomical differ- 
ence between cerebro-spinal nerves 
of different functions ’ ’ ( ibid. ) What 
has to a great extent worked this 
important change in the methods 
an<l reasoning in physiology is the re- 
cognition of “plurality of function 
with unity of structure,” a jirinciple 
urged strongly by the experimental 
school of medicine, with Claude 
Bernard as its greatest representa- 
tive. Notably this was the effect of 
his demonstration that the liver 
had other things to do in the animal 
economy besides secreting bile. 
This, at one blow, destroyed the 
then dominant conception that the 
animal body was to be regax’ded as 
a bundle of organs, each with its 
appropriate function— a conception 
which did much to narrow inquiry, 
since when a suitable function had 
once been assigned to an organ 
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3S. 

Environ- 

ment. 


here we meet first of all with the great fact that a living 
thing cannot be conceived to exist alone , it is dependent 
upon its environment, and upon other living things of 
similar, never quite identical, and mostly very ditferent 
nature. As a consequence of the conception which 
guided Lamarck in contemplating the living world — 
especially the crowd of living things which before 

him had remained unobserved — the influence of en- 
vironment plays a greater and greater part in the 
study of every form of life. The further funda- 

mental property of all living matter — tliat it absorbs 
through intussusception other matter which surrounds 
it, that it grows and multiplies by division, casting 
off some portions of its own substance as useful 

secretions or cuuibrous and useless excretions — has the 
twofold result that every living thing modifies its own 
surroundings and that it creates a society of its like which, 
tlirough an automatic process of crowding-out, exercises 
a kind of selection ainong its members, they being forced 
to accommodate themselves to circumstances and to each 
other.^ The process suggested by Darwin as the rationale 


there seemed no need for further in- 
vcKtigation. Phyniology, expounded 
iis it often was at that time in the 
light of such a conception, was apt 
to leave in tiie mind of the hearer 
the view that what remained to he 
<lone couhisted chiefly in determin- 
ing the use of organs such as the 
spleen, to wliich as yet no definite 
function had been allotted. The 
difecovery of the gb^cogeuic function 
of the liver struck a heavy blow 
at the whole theory of functions.” 
(Sir M. Foster in * Claude Bernard,’ 
]). 90. ) On the necessary condition 


of the experimental a.y distinguished 
from the anatomical method, namely, 
that it deals with the organism 
whilst it is alive, see the c( includ- 
ing remarks in Sir M. Foster’s 
article on “ General Phy.sioh>gy ” in 
the * Ency. Brit,,* voL x\k. 

^ The relations of living things 
to each other and to their environ - 
jnent admit of being contemplated 
in two ways, which may be best 
distinguished by a reference to 
human society, exhibiting as it does 
the two phenomena of co-operation 
and of competition. The former 
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of variation and development is more and more coming 
to be recognised as an inevitable property of all growing 
and multiplying living things. So far as the influence 
on the environment, the medium in which it lives, is 
concerned, we owe to the great French biologist, Claude 
Bernard, the helpful conception of the inner medium,^ as 


is based upon harmony, the latter 
upon conflict. The former aspect 
is more particularly emphasised by 
the Fiench school of Lamaick, de 
Blainville, and Claude Bernard ; 
the latter more by the English 
school of Malthus and Darwin ; 
each starting apparently %vithout 
any reference to the other. Claude 
Bernard in particular says (‘ Phcno- 
menes de la vie,’ vol. i. p. 67) : “Pour 
nous la vie r^sulte d’une conflit, 
d’une relation etroite et harmon- 
ique entreles conditions extdiieures 
et la constitution pr(5-4tahlie de 
Torganisme. Ce n'est point par 
une lutte oontre lea conditions 
cosmiques que Torganisme se dd- 
veloppe et se maintient ; c’est, 
tout au coiitraire, par une adapta- 
tion, un accord avec celles-ci. . . . 
D’etre vivant ne constitue pas une 
exception ii la grande harmonic 
naturelle qui fait que les choses 
s’adaptent les unes aux autres ; il 
ne rompt aucun accord ; il n’esfc en 
contradiction ni eu lutte avec les 
forces cosmiques goncrales ; bicn 
loin de la, il tait partie du concert 
univerael des choses, et la vie de 
I’animal, par exemple, n’est qu’un 
fragment de la vie totale de I’uiii- 
vers.” 

^ Although the biology of Claude 
Bernard does not contain the 
principle of descent and evolution 
which so powerfully influenced the 
contemporary writings of English 
and German naturalists, one is 
nevertheless reminded of the ideas 
of Lamarck in reading the second 


of his lectures on the ‘ Phenomena 
of Life ’ (vol. i. pp. 65 - 124)* 
Lamarck had expressed the idea 
that in the graduated scale of 
living things we lecognise au in- 
creasing independence vitli regard 
to the external environment (See 
chap. vii. p. SI 5.) Claude 
Bernard says (p. 67): “ Le mode 
des relations entre Tctre vi\ ant et 
les conditions cosmifiues ambiantes 
nous permet de conddurer trois 
formes de la vie, suivant qu’elle e&t 
dans une dependance tout li fait 
eti’oice des conditions ext<hieures, 
dans ude ddpendance moindie, ou 
dans une inddpendance i elative. Ces 
trois formes de la vie sont : 1®, La 
vie lateyitCj vie non uianifestde. 
2®, La vie oscillante; vie a manifes- 
tations variables et dcqjendantes du 
milieu exteneuv. S'’, La cie con- 
Uante ; vie a manifestationh libres 
et inck'peudantes du milieu ex- 
tdrieur. ’’ Examples of the ‘ ‘ vie 
latente” are to be found in the 
vegetable and animal creation alike. 
Grams of seed, desiccated animals, 
germs, eggs, ferments, yeast, &c., 
are examples. All vegetables belong 
to the class of the vieoi>cillante, also 
among animals all invertebrates, 
and among the vertebrates those 
with cold blood. These depend on 
cosmic conditions, the cold of 
winter, and the reviving heat of 
summer, &c. The higher animals 
with warm blood whose tempera- 
ture is constant are not in the 
same way subject to tlie influence 
of the external medium. They 
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39 . 

The 

internal 

medium.” 


it were the inner atmosphere which anj largo assembly 
of living units must necessarily create for itself. All 
larger organisms are complex societies of living units 
which depend not only on the external but also on the 
internal medium which bathes them. It was one of 
Claude Bernard’s happiest generalisations to look upon 
the blood, not as a living tissue but as a means of com- 
munication of the living tissues of the organism, as 
an internal medium which bears the same relation to 
the constituent tissues that the external medium, the 
atmosphere, does to the whole body. 

One of the principal functions of this artificial mediinu 
or atmospheie which the larger organisms possess, create 
and maintain for themselves during their life, is to 
enable a particular elementary sulistauco to get access 
to every living cell or tissue of the organism. This 
substance is oxygen, without which the continuance 
of life in tlie higher organisms seems impossible. 
That life is a process of combustion is accordingly a 


*‘uu mil leu intCrimr per* 
t’ectininid (p. 104). But they 
begitt their exifeteuce m beiugH 
with an Oficillatiug life when they 
are in the form of eggs. Of the 
vie constiink ou lihre Claude Bernard 
iiayw : ‘Me on us avi>ir le premier 
sur oettc idee qu’il y a pour 
i’aumial reellcment deux milieux ; 
un milieu cxUHcur dauH lo<juel est 
plact' rorgiuiisme, et un mUim 
inUh'kur d.-uis le<piel viveut les 
c*k'ments des tishUH, L’existence 
de I’dtre He pasHe, non pas dans le 
milieu e.xt<h’ieur, air atmosphdrique 
pour TtJtre aerien, eau douce ou 
Huk% pour IcB anhnaux aquatiques, 
mats danrf lo milieu Hquidt In* 
Urieut' iorm6 par le liquido 


organic] ue oirculant qui entoure et 
baigne touH les dlernents anatom* 
iques des tiswus ; e’est la lymphe 
ou le plaHiaa, la partie litjuide du 
sangqui chess les anhnaux Hupo'rieurd, 
peuetre le.s tiHBua et oouHtitue 
1‘enHemble de touw le» liqukles in- 
terntitials, expretittion de toutea len 
nutritimib loealeH, Hourco et con- 
fluent de toua lea echanges dle- 
men taire.s. U u organisme complex© 
doit otre conaid<!‘rd comme une 
reunion eVMrm dmplest qui aont 
leH <*khncntB anatomiquen et qui 
viveut daiw le milieu liciuide in- 
tdrieur. Ltt fixiU du milieu 
Unmr eat la eondliion de la vie 
I litre independmte'^ (p, 113). 
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definition which has been jAit forth in various ways 
ever since Lavoisier’s time, when he and Laplace tried 
to explain the existence of animal heat in tliis manner. 
The progress of science in the course of the century 
wdiich followed Lavoisier has more and more confirmed 
the importance of the TdU which oxygen plays, but iias 
also shown how very complex are the products of 
oxygenation in the living organism, — how the living 
processes are indeed chemical processes, but are quite 
different from those of the chemical laboratory. As 
Olaude Bernard says, "'The chemistry of the laboratory 
is carried on by means of reagents and apparatus 
which the chemist has pre]>are<l, and the chemistry 
of the living being is carried on by means of reagenls 
and apparatus which the organism has prepared.” ^ 
One of the great performance's of living matter in 
the production, another is th(i storing up and distri- 
bution, of oxygen. But thotigh wc know that the 
chlorophyll - containing cells of green plants, under 
the influence of sunlight, are able to decompose that 
very inert body, carbonic acid, breathed out by both 
animals and plants, into free oxygen and carbon, allow- 
ing the carbon to be retained or utilised in the form 
of more or less complex carbohydrates, and though 


^ See especially the extensive cx* 
plaiuitioiifi iu the * Uapport mv les 
progres cle la Physiol. (1SU7, 
p. 133 sqq.) : ''Les pheuoui^nos 
physico-ohimiqucH qui m pasnent 
dans les corps vivatits sout oxacte- 
ment les metnes, quant ii ieur nature, 
quant aux loia qui les n^giwsent et 
quant ii leurs produits, que ceux 
qui se passent dans les corps bruts; 
ce qui diftere, ce sent seulement les 

\^0L. n. 


proeddds ct les u}>paroils h Taide ties- 
quels its sent manifeHtds. ... II 
ftfii ddjii pi'ouvd qu*un grand aotubre 
de ph^nuiutneM qui «*accomplisHont 
dans les corps vivants peuvent 6tre 
reproduitH artidciellement, eti de- 
hors de Torganisme, dans le mondc 
tnindrah fids ce que Vow ne peut 
pas roproduirc, ce sont les procddc« 
et ks otttik sptkiaux de rorgauisuie 
vivawt” (p, 222). 

2 E 
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we also know that the red blood corpuscles in verte- 
brate animals convey oxygen in a concentrated form ^ 
through all the organs, giving it up wherever it may 
be wanted, the real chemical process concerned in the 
action of chlorophyll is not cleared up ; ^ and “ no one 
has been able hitherto to explain, by a reference to 
physical laws, the active functions of the heart and 
muscular wall,” by which the circulation of the blood 
is effected.® 

In the explanation of many physiological phenomena 
no idea has proved more fruitful than the con- 
ception of natural selection, introduced by Darwin to 
explain the growing diversity and the purposeful- 
ness of organisms. Coupled with the cellular theory, 
which looks upon every living organism as a society 
of self -accommodating individual units or cells, forced 
by circumstances into differentiation of form and into 
divided labour or function, it relieved biologists of that 
spectre of vitalism which still survived after Lotze 
and Du Bois-Reymond had placed the creative and 
formative influence outside of the mechanism — as the 
watchmaker lives outside of the watch, which exhibits 
only mechanical contrivances. That which puzzles the 
spectator of the watch, as it does the spectator of every 


^ See Buuge, * Physiological 
Chemistry,’ p. 275. 

^ “ Iron plays an important part in 
vegetable life : we know that chlo- 
rophyll granules cannot be formed 
without it. If plants are allowed 
to grow in nutritive solutions free 
from iron, the leaves are colourless, 
but become green as soon as an 
iron salt is added to the fluid in 
which the roots are immersed. It 


is even sufficient merely to brush 
the surface of the colourless leaf 
with a solution of an iron salt to 
cause the appearance of the green 
colour in the part thus painted. 
Chlorophyll itself contains no iron, 
and we do not know in what way 
the iron is concerned in its produc- 
tion” (Bunge, loc. p. 25). See 
also Hertwig, ‘The Cell,’ p. 153. 

® Bunge, p. 7 ; cf. also p, 275. 
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organism, is the apparent design and purpose without 
which neither could be conceived to have been foiined.^ 
Here, then, the idea that it was a process of natural 
choice, of automatic adjustment, which produced the 
apparent end and purpose at the jnoment when the 
structure itself was produced, came as a great relief.- 
It explained how it comes about that nature, even 
with unloaded dice, so often — yet not always — tlirows 
doublets. It permitted naturalists and physiologists 
to use piupose and final cause, not as an explana- 
tion, but as an indication wheu’c to look for causal — 
that is, for mechanical — (jonnections. Accordingly the 
first systematic attempt to use natural selection in 
the explanation of tlie adiiistmont of tlie inUtrnal 
parts of an organism, which is due to Prof. Wil]u‘lm 


^ “a’he main problem wluch the 
organic world offers for our sn]u- 
ti(ni is the purjjosefuluehs seen in 
organisms. That Hpeciew are iVuin 
time to time transformed into new 
ones might perhaps be uinhirstood 
by means of an int(3rnHl traiiK* 
forming force, but tliat they are 
so changed as to become Ijefcter 
adapted to the new conditions 
muter which they have to live is 
left entirely luiintelligiljle ’’ (WVis- 
maim on Nageh’s Mechautsch- 
I-^hysiologibche Theone dor Ah- 
stammungslchre ” in ‘ Essays upon 
Heredity,’ Engl, trunsl., ]>, *2iu). 

- See Du IJois-Keyinontrs Ad- 
dress, “Darwin CJuliani ” 

(‘Heden,’ vol i. p. liTI, &c.)* 
“ Here is tlie knot, here the gi*f‘at 
didiculty tliat tortures the intodle'ct 
which W'fmld understand the world, 
WUioever does not place all activity 
wholesale under the sway of Epi- 
curean chance, whoever gives only 
his little finger to teleology, will 
mevitably arrive at Ualey’s dis- 


I carded ‘Natural Theology,’ and so 
niiK'h the iiiorc necessai ily, the more 
clearly he thinks and the more in- 
dependent his judgment The 

physiologist mity define hi-t seiem-e 
as th(i doetiirie of the eltanges 
which lake place in organisms trom 
internal causes, . . , No .-rwmer has 
he, so to speak, turned his back on 
hiiin-elf than he fliscovers lam;-ell‘ 
taikiug again of fumuifuif, per- 
formances, aetion,-., juid [uirpoucs 
fd* the organs. The po-„siiulity, 
ev(»r so distant, haui>-.hing from 
nature its seeming purpose, and 
putting a blind necessity every when* 
in the place of final caus^*-!, appears 
therefore us one f»f the greatest 
jidvauees in the world of thouglit, 
from which a new era will lie dated 
I in the treatment of the^e problems. 

I To have somewhat eased fclie t(.»rtuve 
' of the intellect which ptmders over 
the world-problem wu’ll, as long as 
philoH<»i»hical natundists exist, be 
Charles Darwin’s greatest title to 
glory ”(p, 21tJ). 
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Eoux in his work on the ‘ Struggle of the Parts in 
the Organism/ was hailed by Darwin as '' the most 
important book on development that has appeared 
for some time.’'^ In modern books on physiology the 
process of selection is a familiar conception; but if in 
natural history, in the life of plants and insects, there 
still remain many extraordinary instances of selection 


^ The work appeared in 1880, 
and IS referred to by Darwin in 
a letter to Romanes (‘ Life and 
Letters,’ vol. iii. p. 244 ; 16th 
April 1881), where he suggests 
also a similar consideration of 
plant life and structure. It 
has been republished in Roux’s 
* Gesaminelte Abhandlungen zur 
Entwickelungsmechanik der Organ- 
ismen ’ (Leipzig, 1895, 2 vols.), with 
an interesting pieiace (vol. i, p. 
139, &c.), and many historical and 
critical digressions. It originally 
emanated from the earliest school 
of Darwinism in Germany, repre- 
sented by Haeckel, Gegenbaur, and 
Preyer, at Jena. It has been 
found very suggestive, and has 
been the beginning of a very 
large controversial literature in 
Germany, in which the funda- 
mental x’J'oblems of biology have 
been discussed, and have received 
new formulations. The idea of the 
struggle of individuals for survival, 
suggested by Darwin, is applied by 
Roux to the different parts and 
organs within the developing or- 
ganism. Du Bois-Reymond almost 
contemporaneously published his 
brilliant and celebrated address 
on “ Exercise ” (“ Ueber die 

XJebung,” ‘ Reden,’ vol. ii, p. 404). 
In England Roux’s suggesjbive treat- 
ise does not seem to have been 
much noticed, and Prof. Roux 
himself attributes this to the in- 
adequate notice of the book by 
Romanes in ‘Nature’ (vqL xxiv, 
p. 505), in which his doctrine 


was erroneously compaied with 
Spencer’s ideas of “ direct equi- 
libration.” Prof. J. A Thomson, 
in ‘ The Science of Life,’ refers 
to the importance of Roux’s work 
(pp. 138, 229), and of his ‘ Archiv 
fur Entwickelungsmechanik.’ Roux 
has been classed by some of 
his critics among the “orgain- 
cista,” a school represented in 
France chiefly by Claude Bernard. 
The main thesis of this view 
seems to be that the phenomena 
of life consist in the play of two 
factors — the organisation and the 
environment of the living thing. 
Roux applies the process of natural 
selection and consequent adapta- 
tion, which Darwin sees at work 
in a crowd of living things, to the 
organisation of the individuals 
themselves, each of which is a 
microcosm, a society of auton- 
omous units, say of cells. He 
has accordingly gone a step 
farther back than the older 
“ organicista,” studying the de- 
velopment, the genesis of the 
organism on Darwinian lines. M. 
Belage accordingly dates from him 
a new school of “ organicism.” 
“ L’organicisme commence, a moii 
sens, avec Descartes (1642), se 
continue avec Bichat, Claude 
Bernard, et arrive avec Roux 
(1881) h une thtoie si profonde- 
ment modifide, bien qu’elle ddrive 
du meme pnncipe, qu’elle peut 
6tre considdr^e comme toute 
moderne” (‘L’H6r<5ditd,’ p. 408). 
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for which no teleological ineclianisin has been invented, 
still more are we haiHed hy the apparent '' antononiy 
of the living cell/' in consequence of which it is, r y., 
''able to select its food, retaining what is useful and 
rejecting what is harmful.”^ And what shall we say 
of the so-called " wandering cells, wliich are actually 
sent out by the organism in cu’der to absorb in the 
alimentary canal food-stuhs, notably fat, returning with 
it into the blood, or to receive into themselves malig- 
nant bacteria, making them innocuous by a process of 
digestion No mecliauical pliysicu-cliemical explana- 
tion of tliis process is imaginable, and the word 
" selection,” with which Darwin charmed away so many 
mysteries, has revealed new ones in their ]>lace.'‘^' 


^ See the very intcre.^tnjg .'iial 
frc(juently quoted address by Pn>f. 
G K. Kuulfleifech (Wur/burfi;, 1888), 
entitled ‘ ArztlicUe Philosophie,’ 
p. 13. 

- Ruiclfleifcstli, /rjc. ciL, p. 15, 

“ In tluHconuectionitisintereKting 
to refer to a discuHsion whicb was 
raised by the HUggeslive addrehs of 
Prof. F.’ H. Japp, entitled, ‘bStcreo- 
chemiritry and Vitalism” {* IMt. 
Assoc. Report,’ 1898, p, SI 3). It 
refers to tlio discovery by I’astcur 
of ** chirality” in solutim^ of 
certain crystallised organic salts, 
on which I reported in yol. L 
p. 450. “Pasteur reganleil the 
formation of asynaiietric orgauii! 
c<»mpounds as the special pre- 
rogative of the livittg orgauisin. 
Most of the substances of which 
the animal and vegota.blo tiHSues 
are built up— ‘the protcids, cell- 
ulo.se — are asymmetric organic 
compounds.” Now, in his ex- 
periments on fermentation Pasteur 
found tliat “ the asymnietri**. living 
organism selected for its nutri- 


ment that particular a,'ynmtcluc 
lorui ” out of a mixture oi two 
♦maiitiomorijbous compouuch hold 
in solution — “which ,suito<l \\^ 
needs— and left the oppi)^!!!* form 
either wholly or, fo) the most 
part, untouched” (p. 817). Prof, 
Japp proceeds to consider the 
o}iinion then formctl by Pasteur, 
“ that ctimpomuis exhibiting f>ptie.d 
activity have never been obtdiuf*d 
without, the intervention nf life” 
(p. iS18}» This view, fo whieb 
Pasteur adhered, ami which be 
defended ugiunst eminent op- 
)>onents, has heen irefjuently 
challenged, and seemed deiiniUdy 
set uKtde^ by the explanation or* 
I’rof. Kmil Fischer of JJerlin, and 
by JungtiiUKch’H HynthesiK of rare- 
ink acid and its resolution into 
dextro- and lievo - tartaric iudds, 

. . . “Uonsequently, the overwhelm- 
ing marjority of chemists hol«l tliat 
the foregoing synthesiH and sepur- 
ation of optically active compounds 
have been dfeciecl without the 
intervention of life, either directly 
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•il. 

MoMity 
of living 
matter. 


Another property of all living matter which has been 
seized upon to furnish a definition of life is its extreme 
mobility. It has been stated that the great difference 
between living and non-living matter is this — that the 
former is in a state of movable or dynamical equililj- 
riuin, whereas the latter tends always to a condition 
of rest or of statical equilibrium. This was especially 
urged by the late celebrated Du Bois-lteymond of 
Berlin, to whom we owe the greater part of our know- 
ledge of the physical and chemical changes exhibited 
in the active nervous system. In comparison with 
this property of a dynamical equilibrium, e.xplained by 
the analogy of a fountain of water or a vortex which 
change their substance whilst maintaining their form, 
other older distinctions which had been drawn between 
organised and unorganised bodies sank into insignificance.'' 


or indirectly ” (p. 824). Prof. 
Japp and Prof. Crum Brown of 
Edinburgh are of the opposite 
opinion, inasmuch as in the view 
ot the former “the action of life, 
which has been excluded during 
the previous stages of the pro- 
cess, 18 iatioduced the moment 
the operator begins to pick out 
the two enantiomorphs,’’ as was 
done 1)7 Juugtleisch. 

1 Among the older discussions 
of the best way of defining life 
which belong to the second 
third of the century, we have 
in Germany the various writings 
of Du Boia-Reymond (‘Reden,’ 
notably vol. ii. p 25) ; in France 
those of Claude Bernard (‘Pheno- 
m«ies de la vie,’ notably vol. i. p. 
21, &c.) ; in England the ‘ Biology ’ 
of Mr Hei'bert Spencer. The two 
last-named authors examine vrith 
some caie the definitions of earlier 
writers. All tliree should be read 


and re-read by any one who dcMies 
to arrive at a clear underhtanding of 
the subject. Du Bois-Reymoinrs 
definition shows the preponderat- 
ing influence of the ideas which 
governed the Berlin school of 
physiology, and which centred m 
Helmholtz's tract on the Conserva- 
tion of Energy. Claude Bernard 
defines life by the words “ La vie, 
e’est la creation.” Organisation 
and disorganisation are the two 
sides of this process, organisation 
and envii'onmenfc the two factors. 
The doctrine of evolution goes a 
step farther back, and attempts to 
analyse “organisation.” The pro- 
cess of creation is to Mr Herbert 
Spencer a process of development. 
The word creation in the older sense 
ceases to have a meaning. Of more 
recent date ,are the discussions of 
the subject in the very interesting 
work of Carl Hauptmann, ‘Die 
Metaphysik inder modernen Physio- 



ON THE VITALI8TI0 YIFAY OF NATURE. 439 


It is true tliat not all parts of a higher organism are 
subject to this continued change, but those tliat are not 
— such as the skeleton of an animal or the trunk oi a 
tree — are automatically dejiosited by the living organism 
for the purpose of external or internal support, protection, 
or eommunicatioii. They are the permanent mechanism 
by which the economy and administration of the society 
of living units or cells are kept up. These it has been 
possible, in many instances, to analyse into stable 
chemical coiu|ioun(ls, which have been reproducetl in 


logie ’ (Jena, 1604, neue Aull ), 
especially the lahb chapter. Still 
more recent ih the very careful 
analyhis contained in the new 
edition of Mr Spencer's ‘Biol<»gy,’ 
notably vol. i. p. Ill ,srjrj. The 
final couclnsKUi arrived at by these 
two latest philobophers has much 
in common. Both strive after a 
dynamic conception of life ; both 
confess that such is at piesent un- 
attainable — a desideratum, not an 
achievement. Plauptmann say.s (p. 
38(5)* “Tlie most primitive life, 
from whu‘h alone the Uvinj< world 
on this earth can have spruuf?, can 
only be assumed to be a specien the 
member.s of which varied in manifold 
ways and pro})!ip;atecl themselves. 
Here we have to do already with 
an eminently x-oiiiplex interaction of 
elementary procoshcs. . , » We still 
absolutely lack every conception of 
such a dynamical system. . . . 
Likewise the origin of the simplest 
living substance is mechanically 
quite unknown and uncompre- 
hended. . . . The individual forms 
of life stand in the mulst of a 
yet unintelligible higher order of 
the material world." Biinihmly 
Mr Spencer (ho. oit, p. 120) : 
*‘We are obliged to confess that 
life in its essence cannot be con* 
ceived in physico-chemical terms. 
The required principle of activity, 


which wc found cannot he repre- 
sented as tiu indejiendcnt vital 
principle, wo now find cannot he 
re[>re.''eHtcd us a principle luheieiil 
in living matter. If, by ii'-suming 
its iiihmTiice, we think the facts 
are accounted 1 for, wo do hut cluat 
ouiwdve.s with p.-^eudoddeas. , . . 
It needs but to ob-erve how’ even 
simple forms of exi.stotico are in 
their ultimate nature incompre- 
hensible, U) see that this mo.st 
complex form of existence in u 
sense dimhlyincompreliensi hie. . , , 
While the phenmnena (of life) are 
accessible to thought, the implied 
noumenon In ^ inaccmsiblo, . . . . 
(>nly the manifestations come within 
the range of tmr mtelhgeucc, w-hile 
that which is matufo.sted lies be- 
yond it." (p. 122), There 
ample evidence that under diifer- 
eiit forms of words Clfiude Bernard 
and Hu BoiViieymond, in hb later 
writings, Eirrive<l at similar con- 
clusions. See * La Science Ex* 
pdriniontale,’ p. 210, and Hie 
siehen Weltriithsel" (‘Beden,* voh 
i, p. 381). *‘The mystery is the 
more profound the more it is 
brought into eoiibrasi with the 
exact knowledge we posHoss of sur-- 
roundingcoiiditions” (Prof. Burd<m 
>SandlerH<m, ‘IMt. Assoc. Beport,*' 
1889, p. OH). 
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the chemical laboratory by processes which were like 
or unlike those going on in the organism itself. Bnt 
such stable compounds are not the bearers, they are 
merely the collateral products, the accompaniments, of 
the living process. The artificial production of organic 
compounds, beginning with Wohler’s production of urea, 
and ending with the production of albumen, do not 
approach the problem of the production of living matter. 
Could the chemist produce protoplasm, it would not be 
living ; or were he fortunate enough to hit upon one of 
its many metamorphoses, it would die the next moment, 
not having the inner structure or the external and 
internal environment necessary for its self-conservation 
and activity. Nor do we seem to get any nearer tlie 
real secret by analysing more closely the chemical and 
physical changes, the metabolism, the rhythmical processes 
which constitute this activity. We call it nutrition or 
respiration, assimilation and disassimilation, oxidation and 
reduction — storing up and letting loose of energy. We 
picture to ourselves the building up of more and more 
complicated chemical molecules, containing thousands of 
atoms, in a temporary and easily disturbed equilibrium, 
and the subsequent breaking down again of these coiiiplex 
structures by gradual decomposition or by sudden explo- 
sions due to external stimuli, or by the still more m}^steri- 
ous directive action of conscious will : we liken them to 
the pulling of a trigger, or the gathering up and letting 
loose of a destructive avalanche by the motion of a flake of 
snow on the top of a peak. We see how this metabolism, 
this Stoff- unci Kraft- wechsel” goes on in the smallest 
amceba in rhythmical movements, and how, in higher 
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organisms; it is divided into many stages, allocated to 
special cells or to quite distinct classes oi‘ beings, some 
of which; like plants, take upon themselves the lirst 
important steps of the anabolism, so that others — the 
animals — may carry it a stage higher, preparing a dis- 
charge, or catabolism, which becomes more and more 
effective, till it reaches the unique nervous function 
which accompanies the highest phenomenon of animal 
activity — the mental process. Claude r>ernard ^ has 
put into classical words the rationale of this proi',ess. 

If, in the language of a mechanic, the vital phenomena 
— namely, tlie construction and destnietion of organic 
substance — may be (^om])ared to the rise and fall of a 
weight, then wo may say that tlie rise and fall are 
accom])lishcd in all cells, both plant and animal, but 
with this difference, that the animal element linds its 
weight^ already raised uj> to a certain level, and that 
hence it has to ])c raised less than it subsequently falls. 


^ * rhtiuoiiK''nes de U vie/ &c., 
vol. ii. 513. It lb OIK! of Olaude 
Bernard’K greaicHt inerits to luive 
corrected tlie earlier formula in 
which the circulation of umlterhad 
been exprebhed, Duunus and jlouH- 
shif^oiult had waid : “ L’oxygenn en- 
lev(* par le.s auimaux mt restituu 
par leH vt%i1taux. Jjeb preiniern 
conwoniment de Toxy^hne ; leH 
Hccxuul^ produiHont de I'oxygcno. 
JjeK premierH brulent du oarlxme ; 
le^i Keeondhi produisont du carbone. 
Lew premiorH exhalent ile I’acido 
carl^rmique ; leB becoudw fixeut de 
I’acide carbouiqueV On thia paan- 
sage Claude Bernard has the fol- 
lowing comment: “Cette loi qui 
.sous la forme priJctJdento expffrne 
aveo vdrite le indcanisme d’uiie dos 
plus grandes harmouies de la nature 
est une loi cosmique et non une lot 


physhdogique. Appli<iuce en phy- 
Hiologie,^ ellc i/explique pas lo.s 
phcnotnoncs indivMuels ; olle ex- 
prime comment renseudde dea 
awirnaux’ et reiiMcinble dtw }j]antes 
se comporteiit en d(*finitive par 
rapfKyt au milieu amlnant. I.a lt»i 
etablit la hiilance ontie la somme 
de tons les plahtoincnt's de ia vie 
unimale et de ht vie vdgdtale ; elle 
u’est point r€!ixpre.sHi(»u de ce tpii 
boqjasiie on particulier <lans uii 
Hiurual ou ime pluute dmindh *' (p, 
512). Thih falHc directimi, which 
had been iutrudweed into physio- 
logy a generation earlier, Claude 
Bernard corrected by the view that 
the circulation of matter takes 
place not only between the two 
kingdoms of nature but in every 
elementary organiwm. 

^ Or its ]>f toll ink 
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Anabolism 
and Cata- 
boliism. 


The reverse occurs in the green plant cells. In a word, 
of the two movements, that of descent is preponderant 
in the animal, that of ascent in the vegetable.” hTo one 
has done greater service to the fixing of our ideas 
on this subject than Dr Gaskell when he analysed the 
whole process, called Metabolism ” by Professor Michael 
Foster after Schwann, into the two complementary pro- 
cesses of Anabolism the upward, and Catabolism the 
downward, movement — the winding up and running 
down of the clock, the preparation and loading of the 
explosive and the discharge of the gun.^ 


^ The introduction of these terms 
U, however, connected with a 
special view — differing somewhat 
from that suggested by the formula 
of Claude Bernard — which is now 
very generally adopted m text- 
books of physiology. Prof. Burden 
Sanderson has given a lucid state- 
ment of this difference in his 
Address, entitled “Elementary 
Problems of Physiology,” before 
the Brit. Assoc, in 1S89 (‘ Report,* 
p. 613). He there says : “A char- 
acteristic ot living process ... is 
that it is a constantly recurring 
alternation of opposite and comple- 
mentary states, that of activity or 
discharge, that of rest or restitu- 
tion. Is it so or is it not ^ In the 
minds of most physiologists the 
distinction between the phenomena 
of discharge and the phenomena 
of restitution {Erholung) is funda- 
mental, but beyond this unanimity 
ceases. Two distinguished men — 
Prof. Hering and Dr Oaskell — 
have taken, upon independent 
grounds, a different view to the 
one above suggested, according to 
which life consists not of alterna- 
tions between rest and activity, 
charge and discharge, loading and 
exploding, but between tw’o kinds 
of activity, two kinds of explosion, 


which differ only in the direction 
m which they act, in the circum- 
stance that they are antagonistic to 
each othei. Now, when we com- 
pare the two processes of rest . 
and discharge . . , with each other, 
they may further be distiiiguishod 
in this respect, that whereas resti- 
tution is automatic, the other is 
occasional— ic., takes place only 
at the suggestion of external influ- 
ences. . . . It is in accordance with 
the analogy between the alternation 
of waking and sleeping of the whole 
organism, and the corresponding 
alternation of restitution and dis- 
charge, of every kind of living 
substance, that physiologists by 
common consent use the word 
stimulus (R&h\ meaning thereby 
nothing more than that it is by 
external disturbing or interfering 
influence of some kind that energies 
stored in living material are dis- 
charged. Now, if I were to main- 
tain ^ that restitution is not auto- 
nomic, but determined, as waking 
is, by an external stimulus, that it 
differed from waking only in the 
dii*ection in which the stimulus 
acts— f.e.j in the tendency towards 
conatmetion on the one hand, 
towards destruction on the other — 
I should fairly and as clearly as 
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The inoJern theories of the cell, of inetaholisni, aiicl 
selection, have also greatly intiuenced and modihed onr 
concejjtions concerning the last ami most important pro- 
perty of all living matter — viz., that it is self-reprodueth e. 

Older text -books on physiology treated of the great 

Roprodue- 

problem of generation — i.e., tlie origin of a new individual uon. 

— as a phenomenon of oiganis<3d life which stood rpiiu,* 
isolated , and althougli the sexual diObrence in plants 
and animals liad early led to certain analogies, to similar 
terminology, and to vague inferences, the my s tenons 
phenomena of gencrutioii, and especially of sexual genera- 
tion, were not luought into line with the general ])ro- 
perties of all living matter till ahout fifty years ago. 

Even rJolianues Muller in his great text -hook oii 
lliysiology, which takes a much wider view of the sub- 
ject than any work before it, treats of the reprodiU'tion 
of tissues and of generation in quite separate, seenn- 
ingly disconnected, parts of his work. Into tliis un- 
certainty only little light was thrown by the original 
])ropoumlers of the Cellular theory, who, misled by the 
supposed analog'y of cells aiul crystals, imagined that 
cells originated out of tlio surrounding cell sap, as 
cryKstals soli<lify out of the solution or mother li(|Uor. 
Correc.ter views were gradually (dabovate<l by botanists. 

Mold emphasised the hnjioiiant part which pwdoplasm 
plays in the formation of cells, Nitgcli established the 
process of iutussusccptiou as against external accretion ; 
anatomists like Max Hchuke and Briieke juincnl hands, 

possible express the ^vhich , whieh, being interpmtetl, meaiih 

Pr CJaskeli aiul Froi Hcrit^g have j whuling-up, ami ‘catuholiHni/ run- 
embodied in words which have now ning down — are the creation of 3 )r 
become fatniUar to every student, Uabkell,*’ 

The words in question — ^anabulinm/ 



444 


SCIENTIFIC THOUGHT. 


44 . 

riie proto 

olasmic 

Jieory. 


* and the year 1863 is usually given as that in which 
the protoplasmic theory was established. According to 
this view protoplasm is the element or unit of all living 
substance : it grows through assimilation (intussusception 
and excretion), and multiplies (ie., gives rise to other 
living units) by subsequent division. This process was 
found to be fundamental: it describes the growth of 
the simplest and the most complicated organisms as 
beginning alike with a unit cell, which may or may 
not grow by division; it is the formula of growth, 
restitution, and generation (whether sexual orasexual) ; 
and, what is equally important, it prevails also in patho- 
logical cases — i.a, in the formation of diseased tissues. 
In fact, the great generalisation which followed Harvey’s 
celebrated dictum, “ omne vivuin ex ovo,” was put forth 
by the late Professor Eudolf Virchow, the eminent 
founder of cellular pathology, in his formula, "'omnis 
eellula e cellula.” The formula has in more recent 
times been further elaborated on the same lines of 
thought in proportion as the importance of the nucleus 
or cell kernel has been recognised, or as the granular 
structure of protoplasm has been maintained; leading 
to analogous foriiiulie, such as omnis nucleus e nucleo,” 
omne granulum e granule.” These formula; ^ are the 


1 See Boux ( ‘ Gesammelte Ab- 
handlungen,’ vol. L p. 393): “Un- 
interrupted durability is the in- 
dispensable condition of all that is 
organic, although this does not 
involve a distinction from inorganic 
processes. This fact is expressed 
by the fundamental theses ; Omne 
vivum ex ovo (Harvey), Omnis 
eellula e eellula (Virchow), Omnis 
nucleus e nucleo (Flemming).” 


Hauptmann (‘Die Metaphysik,* 
&c., p. 334) says : “ Altmann for- 
mulates for himself in analogy 
with these biological principles the 
further principle, ‘ Omne granulum 
e granule.’ ” On Altmann ’s theory 
of the “bioblasts” as elementary 
organisms, see Yve'i Delage, 

‘ L’H«?redit6,^ p. 498, &c., Hertwig. 

‘ The CelV p. 24. 
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expression of anatomical observations and tlieories repre- 
senting an enormous amount of research, labour, and in- 
genuity, but they involve no new line of reasoning, and 
they belong, accordingly, more to the history of Science 
than to that of Thought. 

The first to attempt a mechanical explanation of the ^5. 

Spencer’s 

process of cellular division was Ur Herbert Spencer,^ o^-rcliur^ 
\vho, in his ' Principles of Ifiology ’ (1RG3), pointed out 
that there exists a limit of growtli tlirough assimilation 
or intussusception, inasmuch as volume and mass increase 
at a greater rate than tlie surrounding surface through 
wfiiieh communication with the environment is afford(?d. 

A resultant tension 1)rings about an increase of surface 
tlirough rupture, and restores the balance between the 
contained mass and the surface. In his analysis of tins 
process of readjustment, Spencer has given mechanical 


^ The principle here referred in 
aomeiimes goea under the name oi 
the Leuckart-Spencej’ principle, it 
having been suggested indeptmd* 
ently by Rudolf Leuckart, Herbert 
Spencer, and Alexander dunieH, Jt 
requires, of course, a great many 
qualifications. See the ‘ Principles 
of liitdogy,* vol. i. part 2, chap. i. 
But “ it follows from these con- 
aideratiouB that the cell can never 
surpass a certain sixe ; for if the 
disturliance of metaladism that 
arises because of the increufeing 
disproportion between the more 
superficial and the deeper l«,yers 
has reached a certain extent, the 
cell can no longer continxie living 
in its existing form. Thus the 
remarkable fiict is explained very 
simply, that no colls of constant 
form are known that are larger 
than a few millimetres in diameter, 
and thus we are made to under- 
stand why the development of 


large organisum u only possible 
by the arrangement of the living 
hubstanco intf* an aggregate (jf 
small cells instead of into a single 
cell, for example, of the wi/^e ot a 
man. . . . If, therefore, the living 
substaueu of such a ccdl is not to 
perish by growth, at some period in 
its growl h a correction of this dis- 
proportifjn between mass and f,ur- 
fac<s untl of the disturbance of 
metabolism C(*nditi<>n(*d by it must 
ci»meini such a correction is realised 
in the reproduction of the cell by 
<Uvision. The reprodticti<*n of the 
cell by tlivision is acci>rdingly to be 
considered merely as a r<*Hult of 
gro-wth, and the JiJorphologtstB for 
a long time have rightly termed 
reproduction a continuation of 
gi’owth, ‘ a growth beyond the 
measure of the individual * ” (Ter- 
worn, ‘General Physiology, * Engl, 
transh, p. fdiO, &c,) 
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^’usion 
tf two 
lements, 


biologists a formula which, like his physiological units, 
has helped to give precision and direction to reasoning 
on these subjects. But as growth has a natural limit 
and leads to division, so reproduction through division 
api^ears to have a limit also. ‘‘ Only the very lowest 
organisms, such as fission fungi, appear to be able to 
multiply indefinitely by repeated divisions : for the 
greater part of the animal and vegetable kingdoms the 
general law may be laid down that, after a period of 
increase of mass through cell division, a time arrives 
when two cells of different origin must fuse together, 
producing by their coalescence an elementary organism 
which affords the starting-point for a new series of 
multiplications by division.” ^ Fertilisation is now 
known to be a cellular problem. As such it has been 
studied in favourable cases which permitted of direct ob- 
servation, and what has been ascertained in those cases 
— exhibiting in general the same common features and 
phases of development — has by inference under the great 
generalisations of the cellular theory been extended to 
all living things in which sexual differentiation exists, 
be they animals or plants.^ The male and the female 


^ Hertwig, ‘The Cell,' P- 252. 
The process may be looked at as an 
instance of the cyclical order of 
change. “ The multiplication of the 
elementary organism, and with it 
life itself, resolves itself into a 
cyclic process. . . . Such cycles are 
termed generation cycles. They 
occur in the whole organic king- 
dom in the most various forms.” 
Similarly Sir M. Foster (* Text-book 
of Physiology,’ 5th ed,, p. 1555), as 
quoted, supra, p. 289. We may 
add that from a still broader stand- 
point, which we may call that of 


bionomics — in distinction fiom 
biology — the cycle never repeats 
itself, but, owing to overcrowding 
and selection, something different, 
more complex — i.e., externally or 
internally better endowed — is pro- 
duced. Philosophically we call this 
progress. 

- There exists no more remark- 
able instance of the extension of 
natural knowledge by a process of 
very incomplete induction than the 
gradual firm establishment of the 
now universally adopted doctrine of 
fertilisation, no more brilliant jefu- 
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elements concerned have both been recognised to 
cells, both have been found to undergo, before viiat is 
termed the stage of matiiritj’’, similar preparatory changes. 
The changes represent, as it were, the last stages of their 
independent existence as living cells. After these 
changes have taken place they can only enter into a 
new cycle of existence, exhibiting new powers of gi-owth 
and division by a process of fusion where eoeh supX'lies 
what in the other is wanting to start on u new cycle of 
life — of diflereniiation and development. 

Thus the vague theories of former times, which reach 
far into the nineteenth centuiy, the si)eciilations of the 
vSpormatists and the Ovists, have during the last thirty 
years, ])(‘ginning with Pringsheims observation in 18Gb 
of the ]>airing of the swarm-spores of certain alga*, 


tatiou of fcho iniroly onuoiotaUve, 
or all-case uieihinl.^ The luuuber 
of iuHtaiicos in which the uroja‘M 
of fertilisation, with its various 
preiairutory and its I'on^o- 

(jucnccH, uati Im* sw’t.ually obhorved 
is inf'nutcsiijially htcall 
to the number of (hircrcut .speeifs 
and vari<*tieH in which it i'i eiul- 
Ic.ssly repeated on linen which no 
biolo^i*<t doubtrt to he OHsentially 
the Haiue, J\1. Yves JJeda^'o sayn ; 

C’est mie elnK-e rftinaiv{ua}de, coin- 
hien certains etre.-i, par des partieu* 
i.arites on apparence bans intep-t 
out facilite la solution de eertains 
]^rohl(unes preH({ue, iriMo!ubl<‘.s on 
<lohor.s d^n^x. nuyttfot^C' 

‘jikata [the round -wonn of tfhe 
horse, first ohservod by van Beiie- 
don in ISSijJ, par lo petit nontbro 
de ses chronujHoines, lew Etduno. 
dermew Inca urclunn, ifee.J par ia 
fadiite avec hupKdlo ils acueptent 
la h'eondation artificielle, out fait 
hwre, on dix ann, i^luM <le pro^s 


aux questiunh r(dativc-5H laft'eonda- 
tiou <jue II ’out fait avant on depuis 
I toUfs les autre.s aniuiaux reunis, 
j Dan-. I’Ahearidi}, k testicule forme 
' un lung tulic et les diversen phases 
1 <ie hi H]JCTniatogene,-i5 rViccomplis- 
.seiit dans les region.^ diflV‘n*nies do 
Tfirgane : il y a unr- /one a sper- 
matogouicA, une /.one h .'.permato- 
oytes eu v<»i(i d^uaToksement., une 
'/oiw‘ oil rtO font lc'« divMons rch 
dud.riiajH et mm enfiti oii les sper- 
luatides h<‘ transforniont en npor- 
mato/,f»ulf‘S *’ (j/HiVi'diuV P- Ehi). 
»Seo on the varhsty uf obj<*,etM which 
have lent themselves to the gradual 
nnravclHug of the processes of cell 
diviMion, uuc.lear division, fusion of 
nutdoi, cleavage and embryonic de- 
velopment, notably the volume of 
Prof, Vtil ilaccker, * Praxis und 
Tlieorie dm Zellen- utid llofrucht- 
uiigalohre^ (deua, A very 

lucid summary is contahied in «K 
i A. TlioiuHoipH ‘TIuf Boionce of Life * 

: (xsino. 
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Neie 

problems. 


and centring in van Beneden’s discovery,^ been replaced 
by definite conceptions capable of typical description. 
This typical process consists in the fusion of certain 
parts of the male and female cells, — the nuclei or 
kernels playing an important if not the essential part. 
Many biologists of the foremost rank, notably in 
Germany and France, have contributed to make clearer 
the various lines in this typical picture of the most 
mysterious process in the physical organism, whilst 
every new discovery has brought with it new and 
unanswered questions or given a novel aspect to older 
problems. 

Of these problems, those of heredity and variation 
are at present by far the most important. Both 
the cellular theory of living matter and the theory 
of natural selection, including the principles of 
difieientiation and of the division of physiological 
labour, converge upon these two great facts of 
modern biology. The theory of natural selection pre- 


^ See last note. “Since the 
researches of 0. Hertwig and 
others in 1875, it had been clear 
that each parent contributes a 
single germ-cell to the formation 
of the olfspring ; but the masterly 
researches of E. van Beneden 
(1883) showed that every nucleus 
of the offspring may contain nuc- 
lear substance derived from each 
of the parents, a conclusion which 
is visibly demonstrable for a few 
of the first steps in cleavage. In 
fact, van Beneden to some extent 
proved what Huxley had foreseen 
when he said, in 1878, ‘It is 
conceivable, and indeed probable, 
that every part of the adult 
contains molecules, derived both 
from the male and from the 


female parent ; and that, regarded 
as a mass of molecules, the entire 
organism may be compared to a 
web, of which the warp is derived 
from the female, and the woof 
from the male ’ ” (J. Arth. Thom- 
son, ‘ The Science of Life/ p. 
129). Another theoretical antic- 
ipation is, according to Haecker 
(Zoo. cit., p, 133), the “Idioplasma” 
of Nageli ; “The heritable sub- 
stance, organised, possessing a com- 
plex structure, transmitted from 
one generation to another,” which 
was “ about the same time identi- 
fied by Strassburger, 0. Hertwig, 
von Kolliker, and Weismann, with 
the chromatin substance of the 
nucleus,” 
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supposes the fact of heredity — that is, the traasinission 
of characters peculiar to the parents (be they aequirod 
by them or not), and the fact of variation, luit it does 
not explain them. It does not give any intelligil)lo 
description of the means which nature uses to secure 
that continuity of change which is marked on the oiie 
side by a faithfulness to certain typical forms, ami on 
the other by* a gradual developnnmt. Thf3 cellular 
theory permits us to coni])rise, under tlie general 
categories of cell-growth, cell -division, and cell -fusion, 
the great facts of tln^ history of all living matttjv, but 
it does not explain how that ap]KU‘eiit saiium(*ss of 
sti'uctnre which the ultimate nioipliological unit, the 
cell, presents to our view, dev(do]>s into tluit varicd.y 
of recurrent forms wliich ni^ the wealth and 

the order in tlie world of natural ohjects. The <d(ier 
naturalists were divided into two distinct seluiols : one 
believed in pre-formation with develoimiant~the older 
meaning of “erolution”; the other in after-formation, 
or epigenesis/’ The former fouml(‘r(».(l on the diflicnilty 
of explaining or making jilausible liow all the germs 
of hundreds of succeeding geuoi'ati(m>s (jould he contained 
in the first ancestor ; the latter failed to explain how 
nature was able to build up hy mechanierd fnrex's <nit 
of unorganised matter a strucluni resem Idling the parent 
structures. The suggestion of a “ nisus forrnativns/’ 
which we owe to the celebrated inumenhuoh, is only 
a definition of the difficulty, not an explanation. 

The three distinct ideas represented by those historic 
terms occur again in modern biology, thougli altered to 
suit the vast extension of aotxial knowledge of facts, and 

VOL. II. 2 F 
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Weismann 
on h.eledJt5^ 


the three great generalisations mentioned above. Out 
of the three ideas of pre-formation, after-formation, and 
the directive principle, the three generalisations, namely, 
the cellular theory, natural selection, and metabolism, 
and the enormous number of facts collected by micro- 
seopists and naturalists of all kinds, many more or 
less ingenious theories of life have been put together. 
None of them has obtained, though some have had a 
very marked influence on biological science, and even 
on popular thought. Of these Prof. Weismann’s theories 
of heredity are probably the best known. Without en- 
tering upon the enormous array of biological facts which 
have been marshalled by supporters and opponents alike, 
it will be of interest to point out the novel asi)ects 
and lines of reasoning which have come into prominence 
through the voluminous discussion belonging to this 
subject. They were prepared before the appearance of 
Weismami’s writings by the changed and enlarged con- 
ceptions which the discoveries of the middle of the 
century introduced concerning the general phenomena 
of Life, Death, and Disease. Three distinct convictions 
regarding these three main aspects of the living portion 
of creation have been forced upon the scientific and 
popular mind. First, we have the modern doctrine of 
the ubiquity of oi-ganisms and germs, at least so far 
as our planet is concerned: beyond this sphere we 
can say that we know no more of the existence 
of living matter than past generations. Secondly, we 
have the generally recognised doctrine that spontan- 
eous generation of living out of not-living matter is 
unknown and inconceivable under such conditions as 



ON THE VITALISTIG VIEW OF NATOKE. 451 


we can realise or imagine. And thirdly, liand in hand 
with the conviction of this nnhjue but ubiquitous character 
of life, the impression of the mutual interdependence of 
living creatures has gained ground, and has especially in- 
fluenced our ideas of the cause and treatment of disease. 

In one of those luminous addresses in which he 
has rivalled the combination of literary with scientific 
clearness characteristic of tlie Frencli genius, the late 
Prof. Huxley has written tlie history of Piogenesis ^ 
— i.r., of the theories of the origin of life from 
the time of the Italian Redi down to Pasteur, show- 
ing how ex])oriment and theory alternately supporter] 
and contradicted the doctrine that living matter could 
be formed out of not -living matter, till the great 
French biologist, by his refined (‘X]>erinH‘nts, entirely 
banished iVom tlio provinces of science and pi’actice 
the once admitted fact tliat-, after exclusion or destruc- 
tion of all living germs, phenomena xieculiar to life, such 
as fermentation and putrefaction, could he generated. 
Those great departments of medical ])ractice, tlie anti- 
septic and aseptic treatment, with their enormous de- 
velopment of prophylactic and antitoxic methods, form 
the daily and ever-growing argument against ahiogenesis 


^ In his presidential addresH to 
tlie British Assoeiatioii in 1870, 
reprinted in * CritiqueB and Ad- 
dresses,’ p. 21 S sqq. A very 
readable and much earlier deliver- 
ance on “The diffusion of Life” 
is that by K, E. von Baer, before 
the Acatlexny of St I’etersburg in 
1838, reprinted in the first volume 
of his ‘Itedon,’ i%c., p. ItJl sqq, 
hi the preface of 1804 t.o this 
reprint, the illustriouB author tells 
us that between 1810. and 1830 


there were probably few naturalists 
who “did not consider tite gener- 
ation without parents of inferior 
organisms as prrjvod, or at least 
as highly pntbalde,” and hfj him- 
self would not at that time (1838) 
“declare it tr) be non-existent^’ 
(p, 173), fn 1864 he describes the 
the(;ry as having almost vanished, 
leaving the problem of the first 
beginmiigfl of Ufa in the number- 
less varieties, even after harwiu’s 
hypothesis, unsolved (p. 177). 


49 
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— i,G,, the generation of living out of dead or not-living 
matter. 

But in proportion as abiogenesis or spontaneous 
generation has disappeared from our scientihc text- 
books, life being recognised as a phenomenon between 
which and dead matter there exists no intelligible 
and no practical transition except that of destinction, 
the ubiquity of life has forced itself moie and more 
on our attention. Not long ago, as Huxley^ tells us, 
the adherents of spontaneous generation urged as an 
argument on their side that if biogenesis be true, 
innumerable facts and experiments prove '' that the air 
must be thick with germs; and they regarded this as 
the height of absurdity. But nature,” as Huxley con- 
tinues, occasionally is exceedingly unreasonable, and 
Professor Tyndall has proved that ordinary air is no 
l)etter than a sort of stirabout of excessively minute 
solid particles.” It is now, after a generation has passed, 
hardly necessary to refer to any special experiments of 
Tyndall or of others, when the daily press brings us 
records of the number of billions of germs contained in 
a cubic inch of the atmosphere of large cities, precisely 
as it does of the mortality of their population. The 
cellular theory of disease has been succeeded and ampli- 
fied by the bacillar theory, and no modern scientific fact 
has fastened on the popular mind with a stronger hold 
than the ubiquity of the micro-organisms, which, with 
beneficent or fatal results, assist everywhere — chiefly in 
the larger organisms — in the struggle for existence. 

It is, moreover, only a logical inference that if living 
^ ‘ Critiques and Addresses,’ 233 . 
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matter is not being continually formed out of not-living 
matter, while it is an undeniable fact that living 
matter is continuall}^ and everywhere ji^ssing out of 
existence, the preservation of life is dependent upon 
an enormous self-overproduction which, combined with 
the process of natural selection, secures its permanence 
and the development of the highest forins of which it is 
capable. The conimuity — i.e., the interdependence — of n. 

all living forms in time and space guarantees the non-ex- inmayoi 

^ X living tormi 

tinction of this phenomenon, wlxich, for all that we know, 
is of a unicj[ue character. The modern scieiitdlc and popular 
view of life is that it is a unique phenoinoiion, that it is 
a ubiquitous phenomenon, at least within the area of 
what we call ‘‘ our ” world, and that it is a continuous 
phenomenon. The unique character or singularity of 
life has been directly demonstrated by tlie sameness of 
the ultimate units of all living matter, the cells, indirectly 
by the refutation of the older theory of spontaneous 
generation ; and has boon enormously strengthened by the 
doctrine of descent, the phenomena of overcrowding, and 
the possibility of natural selection. The ubiquity of life — 
within certain limits — -has been revealed directly by the 
microscope, and indirectly by the modern theories of 
disease, and of many forms of growth.'^ The continuity of 


^ There iw a striking passage in 
Nansen's 'Farthest North,’ vob i. 
p. 445, showing the ubiquity of 
oj'ganic germs: "When the sun’s 
rays had gained power on the sui - 
face of the ice, and melted the. 
snow, so that pools were formed, 
there were soon to be seen at the 
bottom of these pools small yellow- 
ish l^rown spots, so small that at 
first one hardly noticed them. J )ay 


by day they iuorcasod in size, and 
absorbing, like all dark substances, 
the heat of the sun’s rays, they 
gradually molted the underlying 
ice and formed round cavities off,en 
seveiid inehos deep. These l>r(>wn 
spots were , . . algte and diatoms. 
. . . J actually found btud-eria, — 
even these regions are not free 
from them.” 
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‘'Pan- 

genesis.” 


life has — as an ine\itable corollary — come more and 
more into prominence. It has been the subject of 
much discussion, as a phenomenon which is felt to 
require a mechanical explanation. 

The problem of the continuity in time of the forms 
and properties of living matter forced itself on the great 
propounder of the modern theory of Descent, on Darwin. 
He looked upon the principle of Eeversion ^ — this power 
of calling back to life long-lost characters — as the most 
wonderful of all the attributes of inheritance.’' 

At the end of his second great work, ten years after 
the a])pearanee of the ' Origin of Species,’ he ventured on 
a hypothetical explanation, his theory of '' Pangenesis,” 
which implies that the whole organisation, in the sense 
of every atom or unit, reproduces itself; hence ovules 
and pollen -grains, the fertilised seed or egg, as well as 
birds, include and consist of a multitude of germs thrown 
off from each sepaiate atom of the organism.” - This idea, 
as the author himself admitted, and as has since fre- 
quently been pointed out, was not fundamentally new : it 
had been anticipated by Buflbn in his celebrated organic 
molecules,” and since Darwin it has been restated and 
adapted in various modified forms. It is Ijardly an 
explanation, but it is a statement which emphasises the 
great fact of modern biology, — tlie fact brought out by 
the cellular theory, that the units of life are not the large 
visible organisms which were formerly studied by prefer- 
ence, but the innumerable, infinitesimal living beings 


^ ‘ Animals and Plants under 
Domestication,’ vol, ii. p, 372. 
‘Animals and Plants under 


DoniesUcation,'* chap. 27, vol. ii. 
p. 858. 
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called cells which, through growth and reproduction by 
division and fusion, niaiiiLain life as a contmuous uiu(jiie 
phenomenon. 

Into this view, wbicli under the special form of 
pangenesis has not found much favour, but which, 
nevertheless, in some form or other, forces itself more 
and more on our attention, Professor Weismann has 
imported a further distinctive feature, not prominently 
brought out by Darwin, though it also dates farther 
back^ than the present generation. 


^ The history of the knowleclt^e 
and theory of sex and heredity has 
been written in English by Profs 
Patrick (ieddes and J. Arthui 
Thomson, in a book entitled ‘The 
Evolution of Sex ’ (1 st od. 1S89) ; in 
French by M Yves Dolagc, ui bis 
much-quoted work, La Structure 
du l^rotoplasnia et les Theories sui 
PHi'redito' et les grands probEniies 
de la Biologio ’ (1895). The latter 
work contains elaborate criticifcius, 
and finally inclines towards a theory 
of life termed in Franco “ Urgaiiv 
eisuie,” the main idea of which U 
the assumption of two ilistinctivc 
factors in all the phenomena of 
living matter — visa., ** Organisation 
and Environment.” This view, 
according to the author, has not 
yet gained Hufficient strength to 
form a definite current of thought 
like the three earlier views de- 
fined by the terms Animisme,” 
“ Evolutiomsme,” “ Mieromdrisme.” 
The first of those centi'cs in the itlea 
of vital force, the second in the 
older school of evolution ; the last 
begins'with Button , and comprises the 
modern theory of Evolution with 
Spencer, Darwin, Haeek<d, Weis- 
inann. Of the last M. Delage 
says; dernier est, pour le 

moment, Pouvrage le jjIus parfait 
cred jiour expliquer PHdrtJdit^J et 


rtholution Nous croyons avoir 
montre qiihl est hati d’hy]»(>LhofteK 
fragileh, invraiseuiblabloh, ei, tout 
on remlant justice au talent de 
son arciiitecte, nous conseiUoas de 
I ’admirer de loin et de courttrnire 
ailleur-s” (p. 837) Organicisine ” 
is rcpre.sent.ed by W. Roux, Dnesch, 
and O. Her twig, and is historically 
traced back to Descaites (p. 838), 
and to von Baer and Claude jiernaril 
(p, 720). To the theoTies of the 
olheis, ‘'‘les Organicistes opposent 
le concours d’uno determination 
inodtTec et des forces amlaantes 
toujoura agiosantes, t<m jours m'ces- 
saires, non (tom mo simple condition 
cractivite, nuiis conimo element 
essciitiel do la determination finale ” 
(p. 720). As in this account the 
names of Roux, Driesch, and O. 
Jlortwig are placed together, it is 
well to remark tliab since that time 
the twi) last-named authorities have 
in various polemical pubH«‘afcions 
signified the divergence of their 
fuiKlamental conclusioiiH from the 
later attitude which Pr<tf. Roux 
ha.s assumed. For those of my 
readers who desire to get .some 
insight into the drift of this most 
recent mid advanced emitnivcrsy, 
in which (piestionH of princiyde, of 
ficientific and philosophical method, 
alternate with discussions of minute 
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G-rowth by intussusception and assimilation has long 
been recognised as the characteristic property of all 
living matter, of every living cell. Mechanical causes 
sufBce to explain the further process of division as a 
necessary consequence of continued growth, the forma- 
tion of new cells out of existing ones, the process of 
reproduction. Only in the lower organisms, however, 
does reproduction exist simply as multiplication by 
division. In all higher organisms at least, reproduction 
by division seems connected with the phenomenon 
of death of a portion of the dividing organisms : a 
differentiation seems to set in between the new cells, 
some gradually losing their power of self-multiplication 
by division, and thus being doomed sooner or later 
to arrive at the end of their organic existence ; while 
others retain this power or regain it by uniting with 
others — the process of fusion of male and female elements 
— and seem thus to be specially endowed with the work 
of reproduction — i.e., the preservation of the continuity of 
life. The great morphologist Eiehard Owen, about the 
middle of the century, in a tract on Parthenogenesis, 
remarked that “ not all the progeny of the primary 
impregnated germ-cell are required for the formation of 
the body in all animals : certain of the derivative germ- 
cells may remain unchanged and become included in 


embryological development, assisted 
or disturbed by experiments carried 
on in microscopic dimensions, I re- 
commend, besides the larger works 
of Herfcwig and Roux, already re- 
ferred to, the highly sugge-stive 
writings of Hans Briesoh, notably 
his ‘ Analytischc Theorie der or- 
ganisohen Entwiclcelung ' (1894), 


and ‘Die Biologie als selbstiindige 
Grundwiasenschaft ’ (1893). As a 
very helpful introduction to the 
onginal views of this writer, 
English readers will welcome the 
concluding chapter of Prof. E. B. 
Wilson’s book, ‘The Cell in Develop- 
ment and Inheritance * (1896), 
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that body, ... so included, any derivative germ-cell or 
the nucleus of such may commence and re^Deat the same 
processes of growth by imbibition, and of propagation by 
spontaneous fission as those to which itself owed its 
origin.’'^ We have here the first enunciation of that 
idea of a differentiation between the germ- substance and 
the body - substance, between that portion of li\ing 
matter which is destined to preserve the continuity of 
life, and that otlier portion which, destined to diffeien- 
tiate more and more into the aggregate of living cells, 
each bearing a special form and carrying out a special 
function in the economy of tlie higher organisms, is at 
the same time doomed to death, gradually losing, as it 
does, its power of assimilation, growth, and division — i.e , 
of self-preservation. Prof. Haeckel in 1866, and Dr 
Jager in 1877, elahoratetl the idea further, pointing out 
that the '' germinal ” element or substance was that 
portion which in the process of division is reserved 
for the preservation of the species (the (pvXov, hence 
termed the phylogenetic portion), whereas the “ personal '' 
element or substance goes to form the body or individual 
(the ov, hence termed tlie ontogenetic porlion).^ 


^ Diirwin quotea tliia passage in 
a historical note to his theory of 
“ Pangenebis ” iu the concluding 
chapter of his ' Animals and Plants 
under Domestication ’ (voh ii. p, 
375). He adds further, Dy the 
agency of these germ- cells Ih'of, 
Owen accounts foi partheu(»gencsis, 
for pro])agation by self - division 
during successive generations, and 
for the repairs of injuries. Plis 
view agrees with mine in the 
a.ssumed transmission and multi- 
plication of his germ- cells, but 
differs fundamentally from mine in 


the belief that the primary germ- 
cell wah formed within the ovarium 
of the female, and w'as fertihse<l by 
the male. My geumiules are bup- 
po.scd to ho formed, quite independ- 
ently of .sexual concourse, by each 
separate cell or unit throughout the 
body, and to be merely aggregated 
within the reproductive organs.’' 

*** Comxjlote references t(^ the 
earlier statements of this theory, 
which, through the various writiugb 
of Prof. ‘VVoismaim (since 1881, 
when he read a paper, ‘‘On the 
Duration of Life,*’ before the 


53 . 

Gi^rm-sub- 
stance and 
body-sub- 
stance. 
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This provisional statement, which emphasises the now 
generally recognised difference between the germ-sub- 
stance and the body-substance, requires, however, two 
further qualifications in order to embrace the great 
characteristic facts of life and death as modern em- 
bryology and the phenomenon of descent have unfolded 
them. 

Only in rare instances can we observe the continuity 
of cells — of those organisms which, so far as our 
knowledge goes, form the ultimate units of living matter. 
Weismann recognised, as did the great botanist Nageli, 
and long before l)oth of these the philosopher Herbert 
Spencer, that though in the cell, with its nucleus and 
protoplasm, we may have arrived at the last mici’oscop- 
ically \isible independent units of life, we must — with 
the atomic theory in chemistry — assume tlie existence 
of much smaller units in all living matter, compared with 
wliich even the nucleus of the cell is a very complex 
aggregate. If the continuity of life is dependent upon 
that of an underlying living substance, this substance 
must be only an infinitesimal portion of any visible cell 
or nucleus. The conception of a continuous germinal 
substance has thus taken refuge in the more refined 
conception of a germ- plasma, as distinguished from the 
body or somatic plasma : the former is immortal within 
the limits of the conditions of organic life, the latter is 


Nattirforaclier - ver^ammlung at 
Salz})urg, repriiited in ‘ Essayw u})on 
Heredity/ traunl. by Puulton and 
otbera, Oxford 1889 ; see also the 
^ Studies in the Theory of Deseent/ 
trail si, by Meldola, 2 vols., 1882, 
and the earlier oissays of Weismann 
mentioned in the preface, p. viii.), 


has become both scientifically and 
popularly recognised and debated, 
az’O given in Geddes and Thonl^son, 
‘ The Evolution of Sex,’ p. 93 ; also 
in H. Delage’s great work, p. 349, 
&c., and in Wilson, ‘The Cell,’ p. 
295, &o. 
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perishable, mortal, doomed, after temporarily serving the 
purposes of individual development, to disappear from 
the category of living matter. 

And secondly, it appears that the germinal substance 
or germ -plasma, when once difterentiated from the 
personal substance or body-plasma, cannot, as a rule, 
perform unaided the function of contiiiiious preservation 
of the species or phylum. In all the higlier animals 
the germ -substance a])pears in two distmcu seemingly 
complementary forms, and only l>y the fusion of these 
does the development of the germ-siilistance become 
possible. 

The great difficulties which stand in the way of 
applying these concejitions (wliicli have found an ex- 
haustive exposition in Prof. Weismann’s ' Essays on 
Descent and Heredity') to the vegetable kingdom have 
been pointed out, and have prevented their general 
adoption by biologists ; ^ nor have the elaborate modifi- 
cations introduced in Ih'of. Weisinaim’s later writings 
tended to make them more acceptable ; tiie idea, never- 
theless, of a fundamental diffierentiation of the elements 
of living matter into germinal and personal has got hold 
of the scientific mind at the jiresent day, and cannot bo 


^ Ou the objections of Prof, Stmb- 
burger, who x:>ointH to the fact tliat 
in the case of begonias the tVag- 
ment of a leaf planted m moist sand 
can reproduce the whole plant ; of 
Prof. Vines, who shows tluit whole 
groups of chain pignons, which propa- 
gate annually, are nevertheless rich 
in genera and species, which have 
evidently debcended from one an- 
other, see Yves Dolago, *ti’H(5r<5dit<V 
p. 526, &G, ; ‘ Nature,’ voL x. p. 621 ; 
also 0. Hertwig, *The Biological 


Problem of To-day,’ tranwl. by P. 
C. Mitchell .(lSt)6*), j). -10, On 
the discovery of Weismiiim ** that 
in [jarthenogeuetic f>va only one 
polar globule m foirned, while there 
are always two in ova which are 
iuipregnatod,” and the “uKunent- 
iwy’’ prchumption in favour of his 
theory which it aifbrdod, see ‘ l^nsays 
on Heredity,’ p. 333, &c, ; Gerldes 
and Thomson, * Evolution of Hex,’ 
p. 180, &c, ; and Delage, ‘ I/Hch'c- 
dite,’ p. 151. 


55 . 

Ditreioiitia- 
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passed over in a history of Thought. Moreover, it has 
made itself felt by giving rise to two separate views of 
the cause of variation — i.c., of that phenomenon in the 
living creation on which the entire modern theory of 
descent is founded. 

If it be true that the preservation of the species, the 
continuity of living forms, is dependent on the germ- 
plasma, whereas the somatic plasma, from this point of 
view, only serves individual ends and is a receptacle or 
temporary dwelling-place for the germs which it trans- 
mits but dues not create, the experiences of the body, its 
changes and development, can have little or no influence 
on the hidden germs and their further history. Thus 
flo Weismann is led to a denial of the intluence of en- 

Weismannv, 

Lamarck virouiiient, of habit and acquired characters, except in 
those cases where, as in the lower organisms, no dif- 
ferentiation has set in between the germinal and the 
personal substance. This amounts to a negation of those 
modifying influences which Lamarck emphasised, and 
which play such a great part in the theories elaborated 
hy Darwin, Haeckel, and especially by Herbert Spencer. 
On the other side, it has led Weismann to lay a much 
greater weight upon sexual selection and the effects 
of crossing in the process of descent and the pheno- 
mena of heredity. But for sexual selection, and the 
endless combinations of different germ - plasmas, there 
would, according to Weismann, be no variation, and 
hence no development of the higher forms of life. The 
controversy turns mainly upon the inheritance of acquired 
characters, of which indeed no genuine and authenti- 
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eated case seems to have been established.^ On the other 
side the intiuence ol crossing, of the repeated division 
and fusion of different germ-plasmas, to which l)arwin 
in his later writings attached more and more importance, 
and on which Weismann relies exclusively for an ex- 
planation of variation and natural selection, is denied 
by some biologists to tend in the direction of the 
gradual growth of definite characters: they point rather 
to the obliterating and diluting iniluenee of such pro- 
miscuous fusion, and they maintain tliat the presence of 
tan enviroument which always acts in a constant manner 
is indispensable. 

If we now look liack for a moment on llie funda- 
mental change of ideas which the century has ]ji*oug]it 
about in tlie biological aspect of nature, We arc bound 
truly to halt in astonishment. In no diipartment of 
thougiit have comparatively small beginnings and de- 
tailed discoveries, referring to inlinitesinuilly small 
phenomena, led to such revolutionary ideas concerning 
those phenomena wliich most intimately affect our 
personal interests — the problems of life and death, of 
conduct and of health. The wliolo of this change has 
been brought about by introducing and extending those 


is iiecdloHH to give special 
referenecH, as all the recent workn 
on tlio BnUjoct, wliicli have been 
large!}" qucitecl in this cha)>tor, deal 
with this point. Sec, however, 
VvoH Delage, ‘ L’Horddite,’ p. VM, 
for a very complete bibliography. 
He concludew arf follows : ‘‘ U n'ent 
}>aH (hhiiontxo fj[ue les inoditicutioiih 
acquises stius I’inlliience des con- 
ditions vie sraont gdueraleiueut 


luToditaires, rnais il parait bioii 
certain «|u’ellcs le Hunt <|uel{iuefoift. 
Cola (U’pond sums cloute do leur 
nature. D’ail lours <ai no suit pas 
<luolle call dans ee riSsultat ia pari 
tie In traixsmi.'-Hion de.s modifications 
Homatiques aux cclluleri germinales 
et cello de Tantion directo dew con- 
ditions axnbiantes sur cciles-ci ’’ (p. 

m), 

^ Hertwig, ‘The Cell/ p. 819, 
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methods of investigation and reasoning which have 
been learnt in the mechanical, physical, and chemical 
sciences : the processes of observation, measurement, 
and calculation. And yet it may be asked, have we 
come nearer an answer to the question, What is Life 
At one time, for a generation which is passing away, 
we apparently had. But a closer scrutiny has convinced 
most of us that we have not. The study of life has 
indeed l^een transferred from the higher and more com- 
plex forms to the lower, the minuter, and the simpler ; 
and HOW" lingers by preference among cells, germs, and 
primitive organisms, out of which we liave learnt to 
consider the higher ones as put together on the prin- 
ciples of co-operation, division of labour, and mutual 
57. accommodation. The proldein “What is Life?'’ has 

Two aspects 

^ ^ gained a twofold aspect. Wherein consists 

ofiife. the peculiarity of the smallest uint of living as com- 
paied with not- living matter ? In organisation we are 
told, in growth through intussusception, in metabolism ; 
but we are far i'rom being able mechanically to describe 
these phenomena or processes. The spectre of a vital 
principle still lurks behind all our terms.^ On the other 

1 If we broadly eummarise tne 
properties peculiar to living things 
winch the mneteenth century has 
dwelt oil in an original manner 
under the three conceptioiis of adap- 
tation (fitness), selection (natural or 
sexual), and organisation (oriler or 
harmony), tite question presents it- 
self, Is any of these much-used terms 
intelligible or definable without 
reference to something which is ex- 
traneous to tiie object 'we treat of, 
this reference existing in our own 
thinking or contemplating mind, 
and, if actually present in natural 


objects thembolves, then also indi- 
cative of the existence of some im- 
material iiriiiciple ? Though this is 
manife.sted in mechanical contriv- 
ances which it has left behind with 
its signature upon them, it is never- 
theless vaguely analogous to the 
selective, purposeful, or orderly 
perfoimances of a human intellect. 
The exclusive study of detail on the 
f>ne side, the asj)ect of the whole on 
theotiier,win ai way sinduce opposite 
answers to this question. In addi- 
tion to the literature given in the 
notes to this chapter, X may refer 
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side, the union or co-operation of many essentially similar 
units in a comi)licated orgaiiisiii brings out laure and 
more, as we ascend in the scale of living things, a new 
phenomenon, a new kind of unity, that which we term 
'‘individuality,” the wealth of an inner self-conscious life, 
to which the older school of biologists attached primary 
importance. Life accordingly has now for us two sides 
— first, the life of the smallest, the most primitive unit 
of living matter, say tlio cell, the amaha, or, if you will, 
the idiolilast, the geminule, tlic gei m-plasma, the physio- 
logical unit. Secondly, tlie life of the comjh'X society of 
cells, the higher organism in wlikdi the iinun world with 
all its mental phenomena has become nmnifest. How 
is the unity of this higher complex jiossible ^ [n what 
does it consist? V\4iat can we know of it? Neither 
the physiological nor the psychoh)gical unity is in- 
telligible to us. An eminent liiologist, to whom wc 
owe the creation of an entire now science, the late 
Professor Virchow, the founder of Cellular Pathology, 
has told us recently ^ that only since biologists have 
ceased to try to understand the unity of life in the 
higher organisms, the psycliologiijal unity, and have 
realised the fact that the unity of life is in the 
autonomous cell, has biology in theory ami jjractiee 
made much progress. Pe it so. It seems likely that 
the progress of biology depends entirely on the culti- 
vation of the mechanical view ; l)ut from anotlier and 


to tho following traola which deal 
hpeeiaily with the problems of 
mcclianism and vitalism. Hans 
I )riesch, ‘ Die maihematisch « me- 
chaniscjhe Betrachtuug morplifdog- 
iwciier Probleme der Biologic ’ (Jena, 


1891); 0, Butsohli, ^ Mcchanisnms 
und Vitalismufj’ (Leipzig, 3 901); 
Eugen Albrecht, ‘Vorfragen der 
Biologie’ { Wiesbaden, 1899). 

^ In the Huxley Lecture of 1898. 
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equally legitimate aspect, the unity of the complex as 
the bearer of all the phenomena of higher or inner life 
is equally important. Ixi many ways it is a counter- 
part of the other, showing a peculiar continuity of its 
own, that continuity which I have made the special 
subject of this work. In proportion as the biological 
view of nature has become the science of the cell, 
another science has grown up which sets itself to study 
this higher phenomenon of living matter, the pheno- 
menon of mind, directly by the methods of the exact 
sciences. This is the modern Science of Psycho-physics. 
Even the microscopist and biologist of the most modern 
type are occasionally startled by phenomena akin to 
those which commonly are only visible in tlie highest 
organisms. Psychical existence, an inner side to the 
external phenomena of motion, has accordingly been 
attributed by eminent representatives of the mechanical 
view of biological phenomena to the lowest, the most 
primitive, unit of living matter. Another school of 
science has set itself to study this inner side of liv- 
ing organisms in its more perfect, as it were full- 
grown, manifestations, and by appealing in addition to 
the facts only known by introspection or self-conscious- 
ness. With the history of this movement, so far as it 
belongs to exact science, I propose to deal in the next 
chapter under the general title of the Psycho-physical 
View of Nature. 
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GHAPTEE XL 

ON THE PSYOnO-l^lIYSrnAL YIEY^ OE NA'ITJUE. 

In the three foregoing ehiiptera 1 Ikivc alien i])te(l to trace 
the development of the diilerent aspecda under which our 
knowledge of the real things whieli surround us, and of 
nature as a whole, lias Ijeoii extended in reetmt tinios. I 
have brought these different a8))ecls which lespectively 
consider things natural according to their forms, their 
genesis, or their life and purpose, under the general name 
of the biological as distinguished from the abstract view, 
with wiiich I dealt in the four previous chapters. The 
abstract view tries to arrive at the general properties of 
all things, which it has succeeded in oin* times in sum- 
ming up under the great generalisations of Attraction, 
Atomism, Kinetics, and the doctrine of Energy. The 
biological view is interested nut so much in general 
properties as in real specimens — the things, beings, and 
phenomena in which we see the general properties ex- 
emplified and become real and in their actual union or 
totality which we call nature. The abstract sciences 
started on their modern career with mathematics, and 
progressed through the development and application of 

VOL. ii. 2 u 
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the mathematical methods to the data furnished by 
observation and experiment ; the biological or concrete 
sciences began with a study of living things, and have 
progressed immensely in our times by viewing these not 
in isolation, but in their relations to each other and to 
the surrounding lifeless world — the so-called environ- 
ment. An exact treatment, that to which the term 
“ scientific has been pre-eminently applied, seems here 
also to depend largely, if not exclusively, on the degree 
to which the mathematical processes of numbering and 
measuring can be applied, and on the utilisation of the 
general results arrived at in the abstract sciences. 

The method of the abstract sciences is that of building 
up from small beginnings, by the process of summation 
or integration, intricate complexes whicli not infrequently 
are found to correspond to phenomena of actual experi- 
ence. It has at its command the unlimited resolving 
powers of the calculus, and the well-established assump- 
tion that things natural are made up of numberless 
particles entering into innumerable combinations. The 
whole is thus for the mathematical view the sum of its 
parts. The concrete or natural sciences, on the other 
hand, start with the ready-made things or creatures of 
nature, or on a larger scale with the great order and 
economy of our world or the universe, and only descend 
into the minutiie of the observatory, the dissecting-room, 
or the laboratory, with the hope of better understanding 
the great and complicated objects of their study. The 
greatest progress in the abstract sciences has been made 
by those minds that could concentrate their atten- 
tion on special points, not infrequently expressed in 
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mathematical formuhe, and expand their view through 
applications : the greatest progress in the natural sciences 
has been made by those who started with a large and 
comprehensive view of things natural, and gradually 
descended into detail Newton, Lagrange, Fresnel, and 
Helmholtz are good examples of the former : Humboldt, 
von Baer, Claude Bernard, and Darwin of the latter. 

Now, it is a frequent experience that in the study 
of things natural, through the unavoidable process of 
dissection and analysis, the siiljsequeni synthesis or sum- 
ming up has not carried the student l)ack to the real 
thing from which he started, but to soTiie artificial pro- 
duct differing essentially from tbo natural olqect. The 
real essence of the thing seemed lost wlien its parts were 
examined by themselves or in their apparent aggrega- 
tion. A prominent example of this kind is to be fouml 
in the living organism* Theories have accordingly been 
formulated which looked upon life as a special prin- 
ciple to be superadded to any conceivable aggregation of 
mechanical processes, in order to raise them from the 
lifeless into the living order of things. The last chapter 
dealt with the various biological hyiiothcsos, of which 
three are conspicuous : the purely mcfduxnical, according 
to which the living organism is merely a very compli- 
cated chemical molecule ; the vitalistic, which establishes 
an essential difference between thcj action and constitu- 
tion of a living and a lifeless unit of matter ; and an 
intermediate view, whicli looks upon organisms as manu- 
factured machines built up according to some ])lan, de- 
sign, or idea, the nature of which can be furtlier inquired 
into, but which does not try to throw any axiditional 
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light on the mechanism itself, the working of which, 
like that of a clock, can he described on purely mechani- 
cal lines and without reference to the idea which preceded 
its construction. 

According to many prominent naturalists, the evident 
design and purpose which characterise so many pheno- 
mena of living matter are explained on purely mechan- 
ical lines by the inherent or forced teleology of living 
things, which through over-production have to submit to 
an automatic process of selection or survival. To others 
this aulomatic process does not seem to suffice, and 
they assume a principle of progress which acts in a 
regulative manner. This vitalistic view is further sup- 
ported by taking into account an extensive class of 
phenomena which I have, so far, hardly noticed — 
the marvellous properties of the higher creations of 
the animal world which exhibit the phenomena of 
consciousness or of an inner experience. That these 
phenomena belong to the realm of natural science as 
much as any other properties of living things cannot 
nowadays be doubted. The division into natural and 
mental science can no longer be upheld, or only with 
a very different meaning from that which it had for a 
bygone age. 

It will be my object in this chapter to give an account 
of the various and changing aspects which this great 
phenomenon of an inner or conscious life has presented 
to naturalists — ia, to those who have approached the 
phenomena of Mind from the side of nature, and of the 
difterent lines of research and reasoning along which 
they have dealt with it. I shall comprise the whole of 
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this section of scientific thought under the general term 
of Psycho -physics.^ It refers to the horderlaud or 
common ground where physical and mental or psychical 
phenomena meet or interact. 

Although the term psycho-physics is quite modern, the 
idea of a special science dealing with the relations of 
mind and body, or of the physical and mental life of tlie 
human organism, has been prominently before the scien- 
tific world ever since Cabanis published his celebrated 
‘Eapports du Physiipie et du Moral do rPIoiume,’ in 
which the well-known passage occurs ivhich has been 
frequently repeated, modified, and quoted with varying 
approval or reproach : ^ “ In order to arrive at a correct 


The term was iirht used by 
G. T. Fechner iu tlie well-known 
work beauiig this title, of which J 
shall have more to say in theutjur.se 
of the chapter. Thi.s work, deal- 
ing mainly w'ith a certain numerical 
relation, narrowed the term down 
to a special investigation, whei'eas 
the larger problem, the study of 
the interaction of mind and body 
by the methods of the exact 
sciences, was variously designated 
as phy,sic)logical jisychology, mental 
physiology, psjeho- physioltigy or 
physiology of the soul. As there 
i.s a tendency to regard physsiology 
more and more as the physics of 
the living organism, it is evident 
that physics is the larger term ; and 
in dealing with the relations of the 
physical and the psychical in the 
widest sense, the term psycho- 
physics seems the more apprnf)riato. 

‘.(Euvres completes ’ de Cabanis 
(1834), vol. iii. p. 159. The simile 
has attained a sort of historical 
celebrity through the drastic ver- 
sion which was given to it by Karl 
Yogt in his * Physiologische Briefe ^ 
(1847). p. 206, where, with a 


distinct intention of roll^lng an 
.Lsthotic disapproval, h(‘ i‘omp<tres 
the function ot the brain with tlie 
secretion of bile by the liver ami 
of urine by the kidneys This 
dictum, which he repeated iu his 
controversy with lludolph Wagner, 
led in the middle of the century, 
a.s i)u Bois- Uey mond tells us, to a 
kind of syst^^matic championship of 
the soul, the comparison with the 
kidneys being looked on as a 
degrading olience. “ X^hysiology, 
however, has no knowledge of such 
grades of dignity As a .scientiiic 
}jroblem the .secretum of the 
kidneys is to her of the .same 
liignity as the inve.stigatiou of the 
eye or the heait or any other so- 
called noble organ.” Vogt used 
the simile as an illustration of his 
purely materialistic view, Lfuigo 
(‘ Hist, of Materialism,’ voh ii. 
p. 242) show^H that witli Oabunis 
the dictum is by no mean.s bound 
up with such a view, as he really 
was a pantheist. The mistake, 
says Du Bois-lioymond, <loe.s not 
lie in the comparison, but in the 
implied suggestion, that psychical 


1 
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idea of those operations from which thought arises, we 
must consider the brain as a particular organ, destined 
specially to produce it in the same way as the stomach 
and the intestines are there to perform digestion, the 
liver to filter the bile, the parotid, maxillary, and sub- 
lingual glands to prepare the salivary juice.'’ 

The argument which led Cabanis to draw this parallel 
between the functions of the brain and those of other 
organs of the human body was based upon the philo- 
sophy of Locke, which had been domiciled in France by 
Condillac and Helvetius. This philosophy, in its popular 
version, taught that all our thoughts and ideas were 
ultimately made up of sensations.^ On the other side, 


activity could be “explained 
through the structure of the brain, 
as secietion can he explaiuod from 
the structure of a gland ” (‘ lieden,’ 
vol. 1 . p. 129). 

^ Cabanis (1757-1808), in the pre- 
face to the ‘Kapporls,' &c., p. 11, 
gives a list of contemporary French 
writers who, following m the line 
of Locke, to whom ‘"philosophy is 
indebted for the greatest and the 
most useful impulse,'' have taken 
up different sides of the doctrine. 
Of their waitings a very clear and 
exhaustive analysis will be found 
in M. PicavcFs ‘Les Ideologues, 
Essai sur I’histoire des iddes et 
des theories scientili<iueB, philoao- 
phiques, religieuses, &e., eii France 
depuis 1789’ (Paris, 1891). Ca- 
banis's own position is very clearly 
defined (p. 10) when he says that 
“ Les operations de rintelligence et 
de la volonto se trouvei.iient con- 
fondues a leur origine avec les 
autres mouvemeuts vitaux : le prin- 
oipe des sciences morales, et par 
consequence ces sciences elles- 
memes rentreraient dans le domaine 
de la physique ; ©lies ne seraient 


plus qu'uno braiiche de riiistoire 
naturelle de riiorume . I’ait cVy 
vtb’ifier les observations, d’y tenter 
les experiences, et d’en tirer tons les 
resultats certains qu’elles peuvent 
founiir, ne diilereraient en rien 
des moyens qui sout jounielle- 
ment employds avec la plus onti^re 
et la plus juste coufiance dans les 
sciences pratiques dont la certitude 
est le moins coiitebtee." This was 
written in 1802. M. Pica vet says 
of Cabanis with much truth : 
“ Le contiiiuateur d’Hippocrato, de 
Descartes et des philosophes du 
sioele, a ctd un precurseur 
de Lewes et de Preyer, de Schopen- 
hauer et de Hartmann, comme de 
Lamarck, do Darwin et de bien 
d’autres penseurs qui appartien- 
nent aux dcoles les plus ditfcrentes, 
et^ ne soup(^onnent quelquefois 
mume pas que les ideas dont ils 
sont partis leurs aont venues iri- 
direetement, mais par des iiiter- 
mddiaires authentiques, de I’auteur 
des ‘Bapports du physique et du 
moral ’ ” Lea Ideologues,' p. 261), 
M, Picavet also gives valuable ex- 
planations how it came about that 
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the physiologists of the eighteenth century, iiotalily 
Haller, had demonstrated that the properties of the 
physical orgaihsm culminated in those of the nervous 
system — irritability and sensibility. The phenomenon 
of sensibility, of producing and eonibiniiig — as it were 
digesting — sensations, was thus the function of the 1)rain, 
cr the central organ of the nervous system, as other pro- 
cesses were the functions of other organs or physiological 
apparatus. Gabanis was led on from medical-^ studies, 
as Locke had been before him, to tlie study of mental 
and mo]‘a] subjects, and he formed tlic corice])lion of a 
sciaice of Man, or Anthropology divided into Thysio- 
logy the Analysis of Ideas, and Morals, which would 
iiltinately be of as much use for the ])racticai purposes 
of ecucation and government as the exact study of otlier 
natiual phenomena then cultivated in France for the 
purposes of medicine, industry, and material civilisation. 

Although it may bo admitted that Uabanis created'^ 
physiological psychology, and that he cast far-roacliing 
glances into the neighbouring departments of animal, 


the line of philowophiciil thoujjjht 
so clearly indicated by Cabanit; 
was not more systematically <ie- 
veloped in France at the time, 
and, like many other lines I'o- 
search which originated in that 
country, had to be re-discovered 
fifty years later in other countricH. 
The question is imy>oi'tant, and 
may occupy us later on, Heo, 
however, regarding the disfavour 
into wdnch the moral* ’ sciences 
fell owing to political reasons, vol. 
i. p. 149 of this work. 

’ Cabatns blames in Oondillao and 
Hoivetiue that tliey knew noth- 
ing of physiology. euasent 


mieux coimu Pdeonomio' animale, 
le i>remier aurait-il ym soutenir le 
systeuie do Tegalito des espnts ? lo 
Kcconfl iPaurait-il seiili ({ue 
ranie, telle qu’il renvisage, Cht unc 
facultd, maiN non pas un utre ; e‘t 
(yue, si e’est un dtp, a ce titre die 
ne fiauraxt avoir yfiuhieurs dea 
qualitcH quil lui attnl)ue’* (iliid., 
p. m, 

® ** O’est ee quo Ics Allemands 
ay>yjelletJt Tauthropologie ; ot sous 
ce titre ils compreunent on eftet 
IcH troiw ubjets principaux dont 
nous parlous ” (Cabanxs, * CEuvres/ 
voU ill. j>. 40), 

® I^icavot, loo, Hi,, j>. 292 . 


G. 

Pu'paiod bj 
L(i<‘ke and 
ilallfz 
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embryological, and morbid psychology, from which he 
expected much assistance, his ideas remained vague, as 
did those of the contemporary school of the '' Ideologues,” 
among whom Destutt de Tracy ^ deserves honourable 
mention as having conceived the plan of a psychological 
treatment of grammar. Their merit lay more in drawing 
the plans of the new science of psychology as a natural 
science in its largest sense, and of urging its scientifie 
and exact treatment, than in making a real and fruitfil 
beginning on special lines. 

It is a remarkable fact that tlie first attempt to 
analyse in detail one of the special instances of ps}^ciO" 
physical interaction came about a hundred years eailier 
from that successor of Locke wl ]0 has always leen 
counted as the extreme idealistic development of English 
7. speculation. Bishoi) Berkeley’s 'Essay towards <a New 

Berkeley’s ^ ^ 

^Tijonryof Tlieoiy of Visioii ’ (1709) has been called "the verit- 
able historical starting-point of psycho-pliysical investi- 
gation.” ^ Although averse to any exact theory of the 
universe, deeming it " beneath the dignity of the mind 
to affect exactness,”^ and at war with the mathema- 


^ Pieavefc (p. 398) says of Destutt 
de Tracy (1754-1836): ‘’Venu par 
les sciences li la philosopliie, D. 
de Tracy a donne fi Fideologie un 
nom et un caract^re positif S'il 
a cru, ii tort, qu’il pouvait la 
constituer de toutes xueces, il a 
fort bicn vu que, pour devenir 
une science independante et coui- 
pl^te, elle devait s’appuyer sur la 
physiologic et la pathologie, wur 
I’etude des enfants, sur celle des 
fous et sur celle des animaux. II 
Pa unie intimement ti la grammaire 
et ^ la logique, la morale et h. 
Tdeonomie politique, a la Idgislatioa 
et in la politique.” 


Dr Edmund Montgomery, in 
bis very interesting and valuable 
critical analysis of ‘ Space and 
Touch,’ thi'ee memoirs contained 
in the tenth volume of the first 
series of ‘Mind’ (1885), p. 885. 

^ See ‘A Treatise concerning the 
Principles of Human Knowledge,’ 
§ 109 : “As in reading other 
books, a wise man will choose to 
fix his thoughts on the sense and 
apply it to use, rather than lay 
them out in grammatical remarks 
on the language ; so in perusing 
the volume of nature it seems 
beneath the dignity of the mind 
to effect an exactness in reduc- 
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ticians,^ as Hobbes had been before him, Plerkeley had a 
clear conception of the following definite problem: liy 
what succession of physical and mental experiences, by 
what “organic and vital data,” do we become aware of 
space and of body or matter ^ liis answer, which makes 
tactile sensations the base, has been advocated and f[iioted 
by English psychologists of the Association school up to 
the present day, and forms the text for their various 
explanations. 

The genesis of space perception was nuieli discussed 
in the circle of Locke’s friends, Molyncux proposing 
the celebrated tpiery“ named after him, and Chesohlen 
describing at length, in the Philosophical Transaebions, 
the experiences of an adult ))]ind ]»aiicnt who laid 
received his sight hy couching. The <‘ightceiit]i cent my 
brought other isolated researches of an expeia' mental or 
mathematical nature, which may l^e reg/irded as the 
begiunnigs of an exact treatment of tlie T*elation of psy- 

ing each particular plietiomeiiou to , and the other, wiiich ih the 
general rulcH, ox Hhowing how it cube anti whioli the f«i)h(‘rc. Siip- 
tollows from tliem. We slioultl ia».s(s tlien, the cuh<* and sphere 
proi)ose to ourhclves nobler views, placetl on a table, and the bliui] 
such tih to recreate and c.i£alt man made to see ; Query, whether 
the inijid,” ko, Tti the following by hi.', siglit, befoi’e he touched 
paragrapli IJcrkeley rei'ers to the them, he c<»uld nt)w tlistinguish, 
‘Principia^ as ‘^tho best grammar and tt*!!, wbn'h ia the globe, wiiich 
of the kind” he was si)eakn!g t>f. 

^ A very full account of l.his con* 
fcroversy will bo found ni a paper 
by Prof. Geo. A. Gibson in the 
‘ Proceedings of the Edin. Math, 
vSoc.,’ voL xvli. 

- The t}uery is given in Locke’s 
‘Evssay,’ Borjk IL ch. ix. as 
follows ; '* Suppose a man born 
blind, and now adult, and taught 
by his touch to distinguish be- 
tween a cube and a sphere of the 
same metal and nighly of the same 
biguehs, so as to toll when be felt 


IK the cube f lo wlnr.h live acute 
and judii ious propo.ser answers, 
No.” For a full aualy.sis of actual 
cuhOH, such as that of Ohe.selden, 
and Uiore rtsccut ones, see W’^undt, 
* f*hyHioU)gisnhe i*.syehologie,’ vol. 
ii. p. SiJrb Tlmt Berkeley was, 
however, neither a p.sycho-physicist 
nor a physiological psyehologist in 
the modern House, is well remarked 
by Carnjkbell hVaser in hi.y essay 
(»n Berkeley (BlackwcKKVR “ Philt^s, 
Classics,” ‘ Berkeley,’ p. 45, &c.) 
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chical with physical phenomena. Techner, the founder 
of psycho - physics as an independent doctrine, refers 
notably to two ^ such instances. They were contributed 
by two great mathematicians, Daniel Bernoulli and 
Leonhard Euler. The former pointed out that the value 
which we attach morally to the addition to any material 
possession is not measured by the actual magnitude of 
such addition, but by the relation it bears to that which 
we already possess. The first sovereign earned by a 
poor and starving labourer has an almost infinite value 
compared with what it has for a person already possessed 
of a million. Laplace and Poisson referred to this state- 
ment of Bernoulli, and introduced the terms '‘fortune 
physique,'’ '' fortune morale,” showing that they stand 
in a simple mathematical relation. The same relation 
was shown by Euler to exist between our estimate 
of musical intervals in the harmonic scale and the 
difference of the number of vibrations of the strings 
which produce the two notes. It was above a cen- 
tury before Eechner correlated these isolated remarks 
with observations of modern psycho - physics in his 
celebrated law, of which more anon. 

On the whole, little progress was made during the 
eighteenth century in the department of research I am 
now dealing with ; but the end of the eighteenth and 
the beginning of the following century brouglit several 
important discoveries, some of which were at the time 
much over-estimated, whilst others were for a long time 
forgotten or overlooked. 

The first is the accidental discovery by Galvani in 

1 ‘ Psyohophysik,’ 1860, vol. ii. p, 548, &c. 
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1786, followed, fifteen years after, by Volta’s greater 
invention. The late eminent Prof. Du T3ois-I?eymond, 
in various passages ^ oC Ins scientific and literary writ- 
ings, has told us of tlie recurrent fascination whicli the 
fata morgana of Electricity lias exercised over those 
interested in the explanation of the idienoiuena of 
innervation, how this seductive clue has been, in the 


^ See vnl ii. pp. 1^12, OHO, 528 of 
Du Boirf - Iteynioiurs ‘JUMleu,’ aLo 
hiy * Uiilersuchuiigen ulxir tliiei- 
ische Electricifc.it’ (184H), vol. i. 
pp. .30-128, One of fche Uryfc to 
take up in fche itifcerestw nervou.s 
physiology fche clue which Galvain’y 
(liwcovery airoidcd was A. vou 
Humboldt, who imljlrshed in 175U, 
three yeary hcforoVolfca’is dhcoNoiy, 
hiy valuable “ Vernuclu* uher die 
gereizte Muskel- und Nurven laser, 
nehsti Veriauthungcii liter den 
cheimschen Proceyy dew jjeheny 
in der Thier- und Pllan^^enweli *’ 
A lucid account of HuuiboldiN 
work is given by Prof. Wundt in 
the third volume of fche Herman 
edition of Th'uhny’ ‘Life of Hum- 
boldt,’ p. 301 «r/f/. “It is dhfi- 
culfc,” he hays, “to picture to 
oneself nowadays the excitement 
which the nhservatioiis of Galvani 
produced in the .scientific W(»rld. 
. . . Such expeiiinenty had alnuisi 
become a general subject of enter- 
tainment in cultured circleM. . , , 
It almorit appeare<l a.s if what 
at that time was looked upon as 
fche most general projjerty of living 
matter, irritability, were by the 
experiment of (ialvaui to bo for 
the first time unveiled in its real 
eayence. , * .At the time when 
Humboldt made hiy experiments 
the contest was niill going on 
betw'eeu the followers of Galvani 
an<l Volta.” This referred to a 
physiological or purely physical 
explanation of the phenomenon. 


‘‘Barely throe 3^ears after the 
publication f>i Humbuldt’y work 
the discoveiy of VolLi'y jtile jiut 
an abiupt end to all ilieorie.'j 
which w<-re hahC<I upcm the phjy- 
iohjgic.il onmn oi galvanic plauj- 
omena. The hiilhaiil devclopiuent 
of physical g.dvaniym from that 
moment pinlied the ])h^ biological 
aspeut ot electricity for a long 
time into the background. . . , 
Huml»oldt'K wtnk was forgotten” 
(p. 310). in tlie meantime Hum- 
boldt had travelled in South Arucr- 
ic.i, where lie had — iiUc/' alitt-- 
ohyervecl the “natural electro- 
motors which fttaiKl in such ex- 
traordinar)^ connection with the 
uervoub .system” of the electrical 
eel {Of/7/irmius i'trctrieiis), giving a 
thrilling deHcrj}>fcion of a iMttle 
between the horse, s aiul the cely 
which he witnessed in the watery 
of Calahozo. (See Humboldt’s 
‘Personal Narrative,’ vol. iv. p. 315 
,* also ‘Ansichten dor Natur,’ 
vol. i. p. 33. ) Jntcreht in the subject 
of animal electricity way again re- 
vived by Italian jihysiologists about 
the year 1835. NobiH, iMarianim, 
Santi- Linari, Matfceucoi repeated 
and enlarged the oxperimenl.s of 
Galvani, and through the influence 
of Humboldt and JohamiOK jVliiller, 
the study of the whole subject 
was comprehensively taken up at 
Berlin by Du Dois-Ueymond about 
1840, and exhaustively treated in 
his great work on the subject, (vol, 
I 1848, vol ii. ISfiO). 


0 . 

Amm;il 
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course of more than a century, alternately taken up 
with enthusiasm, and abandoned as misleading. At the 
turn of the centuries the mania for animal electricity 
was at its height. Men like A. von Humboldt took up 
the study with eagerness, and sovereigns like Hapoleon 
offered special prizes, in the hope that here at last the 
secret of life and consciousness would be revealed. The 
school of the “ Naturphilosophie ” in Germany seized 
upon the suggestion of polarity and polar forces con- 
tained in the phenomena of galvanic action, and, sup- 
ported by the still more mystical processes of the 
so-called animal magnetism which had been exhibited 
by Mesmer twenty years earlier, worked up these 
vague indications into fanciful theories of vitodism and 
aniinisni. This brought the whole line of thouglit 
into discredit, drove away the soberer, ino’e scientific 
students of nature, and retarded real progress in the 
knowledge of the electric phenomena of the muscular 
and nervous system for fully a generation. At length 
in the school of Johannes Muller the subject was again 
approached and was put on a firm scientific basis by 
Helmholtz, and notably by Du Bois - Eeymond. It 
is now known that, as in inorganic, so also in organic 
systejns, the energy proper to them can appear under 
the different forms of mechanical, thermal, electric or 
chemical energy, but also that in none of these can be 
found pre-eminently the principle of life, still less that 
of consciousness. 

Another important line of research which has had 
an equally fluctuating development, being sometimes 
enormously exaggerated, to the damage of sound pro- 
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gress, sometimes repudiated and treated with whole- 
sale contempt, was tlmt started hy Gall, ^^ho from the 
year 1805 onward, and latterly in conjunction with 
Spurzheim,^ started on an anatomical description of the 
brain as the centre of nervous and conscious mental 


^ The two most prumiuont 
teachers of phrenologj' were Fiaiiz 
Joseph Gall (1758-1S2S) ot Pforz- 
heiiii, and Joh. Chi'ist. {Spurzheini 
(177(5-1834) of Tiier, the formei 
an excellent doctor, the latter 
skilled anatomist. Their niHuence 
was centred in Vienna ami Pans. 
In l^lnglaiid and America phren- 
ology dates its pojml.irity from 
George Combe (1788-18,08). The 
term phrenology was suggested }>y 
Gooige Forster about 1815, tc*n 
years after Call had started his 
‘ Schadellehre ' or ‘ Craiiiology ’ 
Of eminent medical authorities, 
the great llroussais in France (177«- 
1838) and C. G. Cams (l78H.l8Gy) 
in Germany were both phren- 
ologists, the latter attemi>ting to 
give the doctrine a more seicutitie 
foundation. Though phrenology 
was never pojjular in France, wUoie 
the Academy of Sciences from the 
beginuang assumed a very sceptical 
attitude (see above, vol i. p. 13C 
note), the opponents of Gall have 
always given him full credit for 
his ability, and for the grout im- 
pulse he gave to anat(nnical science 
of the brain, Flourens, one i>f the 
most formidable (sritics of the <loc- 
trine of the special faculties, and 
consequently of the separate phren- 
ological organs and theii location, 
nevertheless says: “Gall fut un 
ohservateur profnnd, qux nous a 
ouvert, avoc genie, itlbudc <le 
I’anatomie et de la physiologic du 
cerveau. , . , Je n’oublierui jamais 
I’inipressxon que j’dprouvai la 
premibre fois (jue je vis Gall disse- 
quer un cerveau ; il me semhlHii 
que je n’avaia pas encore yu cet or- 


I gane” {<|uot. by Langlois, ‘ Gicxnde 
Eiicyclop vol. xxvi. p. 801), Some- 
what earlier than phrenology the 
science or art nf |)hy>iogiiomicte, 
which wa-s kuwuri aheady and 
practit'Od ]jy the ancients, had a 
r«q'u esentativr in Caspar Lav, iter 
of Zurich, who, Irom 177^ onward, 
])uhh.shed his " Physiognoinibclie 
FragmenUs’ woik \\lin*h, accom- 
]>anied by engravingrt hy Chodo- 
wiecki, Cl (‘tiled a gicaX smisatiou 
in philosophical, literal y, and in tis- 
tie circles tlie whole of Europe 
b<‘ing dividetl into followers and 
cntic.s of (juvuier. Among the 
latter was the celebrated Inch- 
tonherg of Gottingen. Among 
scientilic men were Camjier in 
Holland, and later Charles Bell in 
England ; the former putting for- 
ward the well - knmvu theory of 
the “facial angle'’ as an external 
measure of intelligtiuce, the latter 
publishing his ‘ Es-say on the Ana- 
tomy of Expression’ (1800). In 
more lecent times no less an 
auUiority t,han Charles Darwin 
took up the subject iii his work 
on the ‘ Expression of Emotions ‘ 
(1872). Shortly liefore Pin Piderit 
published Ilia * Wissenschaftiiches 
Systtmi dcr Miinik uud PUysiog- 
nomik’ (18U7 } ; Duchesne (18t52) Iuh 
‘ Mneanismo de la physiunomie Uu- 
maine ' ; and more recently the Ital- 
ian Mantegazza his * Physxouomie 
ct Pexpression des Hcntiinents ’ 
(French traiisL, 1885), A very 
readable essay on the subject will 
be found among Prof. Wundt’s 
‘ Essays * (1885), kScc also his 
* Physiol ogiBche Psychologie’ (vol, 
ii. p, 598, &;c,, -1th ed.) 



478 


SCIENTIFIC THOUGHT. 


action. The scholastic notion of the older psychol- 
ogists which divided the mental life into different powers 
or faculties as the body was dissected into parts and 
organs, lent itself to the idea of a localisation of these 
faculties or powers in different spheres of the brain, 
which Gall by a hasty generalisation maintained to ])e 
distinguishable on the external surface of the skull. 
Though these popular and practical applications, which 
form the basis of phrenology, were speedily and easily 
refuted, having always been regarded with suspicion by 
the medical profession, the anatomical labours of Gall 
were taken up and continued by others. Opinions 
fluctuated between the different views of Flourens, who 
insisted upon the unity of the central organ, as did 
Herbart in psychology on the unity of the mind; of 
G, H. Lewes, who assigns to the spinal cord together 
with the brain an important and initiatory rdle in 
conscious life ; and of Hermann Munk and Friedrich 
Goltz, who by carefully devised experiments on living 
animals, by electrical irritation, and by systematic le- 
moval of parts of the brain, have to some extent suc- 
ceeded in delimiting the special '' spheres in which the 
various sensory nerves deliver their messages, and whore 
the latter are transformed into conceptions and mentally 
stored,” ^ Paul Broca had already, about forty years 
ago, succeeded in localising the powers of speech. 


^ Du Bois-Keymond, ‘Reden,’ vol. 
ii. p. 55S : “Though there is, in prin- 
ciple, no hope that the causal 
connection between material pro- 
cesses in the brain and consciousness 
will ever become clear to us, this 
does not hinder our penetrating 
deeply into a knowledge of those 


processes, or prevent such know- 
ledge being of the greatest import- 
ance and of fascinating interest. As 
a first step in this direction there 
presents itself naturally to our 
understanding the localisation of 
the different faculties into which 
we naturally and systematically 
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Whilst animal electricity and the examiuatiou of the 
brain were taken up with ai'dour, ovei -valued by po]>ular- 
isers, and developed into fanciful theories which postponed 
for a long time the sober inquiiies of science, another very 
fruitful vein of reasoning and researcli was struck eaily 
in the century, but left unexplored for hfty years. Since 
then it has been followed with succcvss and profit. 


divide mental activity. Out of 
the desire for such loealirtation 
there sprang up the fundaiucutal 
idea of the jihrenolcjgical follies ; 
Imt, as so often, hero also scien- 
tihc superstition contained a kciiiel 
of tiuth. In the same tortex 
of the brain in which Call and 
Rpurzheim located their badly- 
chosen thirty-live mental faculties, 
Munk now desenbos tlie sjiborch in 
which the various sensoiy iieives 
deliver their messages, and whore 
the latter are tiansfornied into con- 
ceptions and stored. Thus, for tlie 
first time in the domain of sensa- 
tion and intellection, a local basis 
of mental activity has been demon- 
strated, as had been done before 
by Paul Broca in the donnain of 
volition, in the localisation of the 
faculty of speech.” Most modern 
psychu-pliysicists would probably 
accept this statement with slight 
modifications ; it is therefore well 
to note that one of the foremost 
and most original workers in ibis 
field <if research, Prof. Pr. Ooltz, 
takes a different view of the rc.suh- 
of the experiments of himself and 
othcr.s. He does not consider 
Munk’s teachings as l.he foundation 
of a physiology of the brain, but 
looks u}ion them as a .system of 
erroj, and hopes to see the day 
when all the beautifully elaborated 
raodeini hypotheses of circumscribed 
centres of the cortex will be laid in 
the same grave in whioU Gall’s 
phrenology ' rests ” ((iuoted from 


Goltz's nieijioh^, ‘LHioi* rheVtnncli- 
lungen des (h u-shiins/ in PHuger’s 
Aichiv, by Gail H<iii])tr!iai)n, ‘Die 
Metaj.h^'.ik in der mudcincn Pio- 
htgie’ (IHOl), p Pnjt. Fer- 

nei, wlioMj ‘ FnnctKtjiN (A the 
Brain’ (*2nd ed.) is a .standard 
woikintbe English language, takes 
u]» a less negative position ; yet. he 
says fp. 2o): “We arc still on the 
thicsliold of the nKjuiry, and it 
may be ((ucsticuied whether the 
time has even yet arrived for an 
attempt to e.xplain the mechanisiu 
of the brain and its functions. To 
thoughtful ruinds the time may 
seem as far ott as ever.” Prof. 
William James of Harvard, in his 
excellent ‘ Principles of Psychology’ 
(2 voIh. , give.s, in his first 

chapter, a succinct account of the 
“ localisatioii-ijuestion,'’' which, he 
thinks, “.stands tirni in its main out- 
line" (vok i. p. 162). The standard 
w'ork in the (Icruian laiiguiige is 
Prof, 'Wundt’.s ‘ PhysiohjgiMihe 
P.sychologie ’ (2 \oK, 4th ed., 
18U:i), which gives in the first divi- 
sion (chaps 4, 5) a very exhau.sUve 
accoiini of the exiierimental and 
theoretical wmk on localisation. 
Prof. Wundt, himself tak<*B up a 
position lying between the doctiine 
of sharp delimitation and that of a 
denial of local distinctions fvol. 1. p. 
Ifdi), but admits that the whole 
ipiostion is still highly coutro- 
vcrsial, tliough lutteily the appar- 
ent difVerences of oj union ha\e been 
much tuned down (vol. i. p. 240). 
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The beginnings of this line of reasoning are to be 
found in the writings of Thomas Young, who here, as 
in several other directions, “ marched far in advance of 
his age.'’ ^ During the last decade of the eighteenth 
century Young had been occupied with the study of 
the phenomena of Light and Colours ; and, being a 
student of medicine, he had given equal attention to 
the physical phenomena and the physiological sensations 
of Light, going back to the beginnings laid in Newton’s 
writings on these two important branches of Optics.^ 
I have treated of his epoch - making discoveries in 
physical optics in an earlier chapter. As to the physi- 
ological problem of colour sensations, he likewise reviewed 
Newtons work, and especially took up the remarkable 
fact noted by Newton, that it appears possible to refer 
the great variety of colour sensations to three primary 
elements, out of which the whole wealth of the colour 
scale — varying in intensity, tint, and saturation — can 
be made up. In two distinct points he made a definite 


^ Note, in many passages of 
Helmholtz’s ‘Physiologische Optik’ 
(2nd ed., Braunschweig, 1896), and 
hiR often - quoted ‘ Vortrage und 
Reden,’ the high esteem in which 
he held the work of Young. 

2 A very succinct and exhaust- 
ive account of how Young arrived 
at his colour theory is given in 
a paper by A. M. Mayer, of New 
Jersey, in the ‘Phil. Magazine’ for 
1876 (5th series, vol. i. p. 111). 
Young first selected red, yellow, and 
blue as the three simple colour- 
sensations, but later modified his 
view in consequence of the experi- 
ments of Wollaston between the 
years 1802 and 1807. How little 
Young’s theory was thought of may 
be seen from the words of Helm- 


holtz, quoted by Mayor (p. 114): 
“The theory of colour, with all 
these marvellous and complicated 
relations, was a riddle which 
Goethe in vain attempted to solve ; 
nor were we physicists and physiol- 
ogists more successful. I include 
myself in the number; for I long 
toiled at the task without getting 
any nearer my object, until at last 
X found that a wonderfully simple 
solution had been discovered at the 
beginning of this century, and had 
been in print ever since for any one 
to read who chose. Tina solution 
was found out and published by 
the same Thomas Young who first 
showed the right method of arriving 
at the interpretation of Egyptian 
hieroglyphics.” 
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advance upon Newton. For the three primal y colours 
of the older opticians he substituted red, green, and 
violet* and for the remarlvalde fact that the sim])le 
colours of tlie rainbow can he compounded out of those 
three, he suggested a physiological reason— vi;^., that tlie 
eye possesses three distinct colour-sensations or three 
distinct senses in relation to light, dciiendent upon some 
peculiarity of nervous structure or function. Young 
did not elaborate his ideas, but it is clear that in the 
short passages in his ‘ Lectures on Natural Idiilosnpby ’ 
and earlier papers, thejrc were container I a variety of 
definite jiroblems and iiints which were destined to 
lead research for a long time after. 

The next ureat step in advance, which has revolu- jj 

® Cli.ifli'hBt 1! 

tionised and permanently fixed our ideas on tlie action 
of the nervous system, was taken about tlio year 1810 
by Charles Bell, who discovered the anatomical difference 
between the anterior and posterior roots of the nerves 
of the spine, and also went a long way towards show- 
ing their different functions. The point as regards 
functions was establifshed by means of experiments on 
living animals by Magendio, and independently by 
Johannes Muller.^ U])Ou the omnbiiied labours of these 
three masters of anatomy and experimental physiology 
is based the distinction between sensory and motor 
nerves — namely, tliat the anterior nerves of the spine 
are employed to carry the nervous stimtdus outward 
to the ditlerent organs (eileront or motor nerves), the 
posterior and better protected nerves serving to carry 

1 On the respeebive uicrilH of Claude Bernard and Ou 
Charleb Bell, Magatidie, and Jo* inotifl, referred to supra, p, JS4 of 
hatines Muller, sec* the writings of this volume. 

VOL. II. 2 H 
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the peripheral stimuli of the senses inward to the 
nervous centres (sensory or afferent nerves). 

IS. About the same time Johannes Muller, nuclei the 

Muller’s 

“specific influence of Goethe’s observations on the subiective 

energies.' 

colour- sensations and of Kant’s doctrine of the innate 
forms of perception/ introduced another important dis- 
tinction into the theory of the action of the sensory 
nervous apparatus. This doctrine is known by the 
name of the specific energies.” It has for a long time 
governed all physiological reasoning on the subject of 
our sense perceptions. Tn the words of lielmholtz, wlm 
more than any other has lent the great weight of his 
authority to an elucidation of this theory, '' physiological 
experience has found that by the stimulus of any single 
sensible nerve -fibre, only such sensations can be pro- 


^ The doctrine of the ‘‘specific 
energies’’ ot the sensory nerves, one 
of Job. Miiller’s earliest Kpeculation.s, 
which has governed a large section 
of psycho - physical research, at 
least in Germany, hiis grown out of 
the philosophical discussions in the 
‘Kritik der reinen Vornunft,’ and 
the {esthetic treatment in Goethe’s 
‘Farbenlehre,’ both of which deal 
with the subjective element in our 
sense-perceptions. In thin regard 
the reform of physiology in Germany 
contrasts with the contemporaneous 
reform by Magendie in France, 
whose extreme expenuientalisni 
Muller even ridiculed. See on the 
historical origin of M uller’s psycho* 
physics, Du Bois-Heymond’s excel- 
lent “Eloge of Muller” (‘Reden,’ vol. 
ii.p.159), also Helmholtz’s lectureon 
“ Goethe’s Naturwissenschaftliche 
Arbeiten” (‘Vortrdge und Reden,’ 
vol. i No. 1, 1853), and his address 
before the Goethe Society in 1892. 
Helmholtz finds the cause which 


misled Goethe in his optical experi- 
ments to be the same which misled 
Brewster — viz., the difficulty of ob- 
taining really pure homogeneous 
light <jf any bpecuil tint. He woi'ked 
with impure light and dull media. 
Helmholtz exi»erienced great diffi- 
culties in obtaining the neces- 
sary purity in his own labours. 
Goethe, however, was not alone in 
studying with predilection the sub- 
jective colour-sousations. Du Bois- 
Rey monel mention.^ Erasmus and 
Robert W Dai win in England, and 
Purldnje in Germany, as working 
in the same field {loo, cit, p. ICO). 
Miiller’s work is contained princip- 
ally in the treatise, ‘Eur vergleich- 
enden Physiologie des Gesicht- 
sinnes des Menschen und der Thiere 
nebst einem Versuche xiber die 
Bewegungen der Augen und fiber 
den mensehlichen BHck ’ (1826), and 
in his larger work on Physiology. 
See also on Goethe’s merits Helm- 
holtz, ‘Physiologische Optik,’p. 249. 
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duced as belong to the qualitative — or ordej* — region of 
one definite sense, and that every stimulus which can at 
all affect this nerve fibre produces only sensations be- 
longing to this definite order.’’ ^ This means that, for 
instance, any effective stimulus ol the ojjtic nerve 
apparatus produces only and always the sensation of 
light, whereas the same stimulus would in the auditory 
nerve apparatus, if efiective. produce the sensation of 
sound. '‘The same vibrations of the ether which the 
eye perceives as light, the nerves of tlie skin p>erceive as 
heat. The same vibrations of air which the latter per- 
ceive as a tremor, the ear perceives as a musical soiiiirl.” 
The quality of our sensations does not d(q)oud on tlie 
stimulus but on the nervous apparatus. 

Helmholtz has said^ that the law of the siiecifie 
energies forms the most important advance which tlie 
physiology of the senses has made in recent times, and 
has even compared it with the discovery of the law of 
gravitation/ As we shall see immediately, he has him- 


^ See Helmholtz, ‘ Hand buck der 
Phyfeiologischen Optik,’ 2te Aull., 
1890, p. 233. ' 

“ Helmholtz, ‘ Vortrage und Ro- ! 
den,’ vol. ii. p. 2*24 ; also ‘ Physiolo- j 
gische Optik,’ p. 249 ; “ Muller’s law | 
of the specific energies marks an j 
advance ot the greatest impui’tanco, j 
for the entire doctrine of the sense- j 
perceptions has since become the 
scientific foundation of this doctrine, 
and is, in a certain sense, the em- 
pirical exposition of the theoreti<jal 
discussion of Kant on the nature 
of the intellectual process of the 
human mind.” Of. also p. 584. 

'* * V or tnige und Eeden, ’ vol, i. p. 
378 ; vol. ii. p. 181. 

This excessive appreciation of ' 
Muller’s theory is, however, very 


much limited to Germany, and there 
alftO almost entirely to what may 
he called Mullers school, in which 
Helmholtz is the central figure. In 
England the doctrine was subjected 
to a Cull criticism by George Henry 
Lewes, an important thinker, whose 
writings contain manyoriginal views, 
wliirh hav'o ni some instances since 
been independently put forward by 
other authorities. See his * Physi- 
ology of Common Life’ (1800, chap. 
8) ; * Problems of Life and Mind ’ 
(vol. I p. 135, 1874) ; ‘ Revue Philo- 
sophhiue ’ (Paris, 1870, No. 2j ; 

‘ The Physical Basis of Mind ’ (1877, 
p. 184). without knowing of Lewes’s 
critieisnib, Prof. Wundt was led to 
a critifism of the doctrine from 
the physiological side in the first 
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self made a very important application of it, by bringing 
it into connection with Young’s colour theory, Eut 
before I refer to this, it will be well to note the different 
lines of research which were opened out by Muller’s 
formula, and liow they have led in many ways to very 
fruitful expansion of natural knowledge. In this respect 
it is indeed permissible to compare Muller’s formula with 
that of gravitation, which, as we saw above, through 
the different ideas which it introduced, helped to guide 
research for fully a century. Muller in the original 
statement of his views had made use of the term ‘‘ specific 
energy,” and had applied this term to the process or 
sense of sight: he spoke of the seeing substance or 
apparatus of sight. Now this apparatus is a complicated 
one, consisting mainly of three parts — the external or 


edition of his great work on Physi- 
ological Psychology in 1872 See 
the note on p. 3S2, vol. i., of the 
4th German edition (1893). Wundt 
says (p. 331): “Historically, the 
doctrine ... is to be traced to the 
fact that the philosophical tounda- 
tion of modem science, and especi- 
ally of the science of sensation, tests 
on Kant. In fact, that doctrine 
is nothing else than a physiological 
reflejcion of Kant’s attempt to find 
the conditions of knowledge which 
are given a priori, or, what was 
mostly considered to be the same, 
subjectively. This is very evident 
in the case of a foremost repre- 
sentative of that doctrine — viz., 
J ohannes Miiller. ” In opposition to 
Muller and his school, Lewes and 
Wundt put forward a view which 
has been termed the doctrine of 
indifference of the function of the 
nervous elements. The difference 
between the two views is very clearly 
stated in an excellent paper by E. 


Montgomery in the fiftli volume of 
‘Mind’ (1880) : “According to the 
doctrine of functional indifference, 
the various qualities — our well* 
known sensations — are merely due 
to dilferencet. in the stimulating 
rhythm, to differences, therefore, of 
motion communicated from outside 
to the chemically uniform nerve- 
substaiice, and the whole comi>lex 
make-up of our consciousness is, 
consequently, thought to result 
from the coexistence and 'subse- 
quent combination of such stim- 
ulated motions. Accoidiiig to the 
doctrine of specific energies, the 
varieties of sensation are due to pre- 
existing differences in the sub- 
stratum in which they respectively 
arise, and all their manifold combin- 
ations to higher px'oducts are be- 
lieved to he realised in materially 
higher — ' specifically pre - en- 

dowed — ranges of nervous sub- 
stratum” (p. 4). 
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terminal organ, the connecting fibre or nerve, and the 
central or percipient organ situated somewhere in the 
brain. How are these diflerent parts of the combined 
apparatus anatomically constituted, and what are their 
respective physiological functions — in particular, where 
does the specific energy reside ? The answer to these 
questions as regards not only the process of seeing, but 
likewise that going on in other sense organs, involved 
an enormous amount of detailed anatomical and pliysio- 
logical, analysing and exx3erimenting work. With this 
work many great names are connected — first of all, 
Helmholtz, who in his two great treatises on ' Physio- 
logical OjDtics ’ and ^Physiological Acoustics,’^ has laid 
the foundation of those two psycho-physical sciences 
winch bring us nearest to an understanding oi‘ the inter- 
action of mind and body. Jike Young before him, for 
whom he exjuesses the greatest admiration, Helmholtz 
had approached the study of nature from the side of 
medicine: from this lie was, by the peculiarity of his 
genius, driven to mathematico-]>hysieal studies on the 
one side, to psychological on the other. 'J'he exact 
methods of the mathematical, the exxierimental methods 
of the medical sciences ; the inentoJ analysis of Kant 
and Pichte, as well as the logical ineihotls of J. S. 
Mill, were equally familiar to him. Inventions of his 
own, like that of the eye-mirror, or of others, like 


^ ‘ Die Lehre von deii Tunemp- 
findungen ; i^Uyaiologiwche Uruud- 
lage fur die Theoue der Mufiik,’ 
lat ed., 1SI33. ‘ Haudbuch der 

phyiSiologiwGlien Opfcik,^ 2iid 

ed., much enlarged. A fcjucciiiot 
and very lucid oxpUHifcion of tiio 


principal contents of those two 
great treatises, by an duthority in 
the same domain of fecionee, will be 
found hi chaps, x. to xii. of Prof. 
J, {■? j\r Kendrick’s volume in the 
‘‘Masters of Medicine” Series on 
H, von Holmhoito, 1899, 
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the stereoscope of Wheatstone ; pathological cases, like 
those of colour-blindness; a host of ingeniously de- 
vised experiments, as well as the gift of an exception- 
ally musical ear, — all these factors, and innumerable 
others, contributed to the production of these two 
monumental works, which form an epoch in the history 
of science as well as of philosophy and psychology. 
They form the first magnificent examples of the com- 
prehensive application of exact methods to phenomena 
which had before been treated only fragmentarily, and 
where the influences of taste, fancy, and belief, the 
vagueness of metaphysics and the difficulties of nomen- 
clature, had created a confusion which to many must 
have appeared hopeless. This confusion of language 
and of terms, of objective observations and subjective 
fancies, of the data of experience and the prejudices of 
theory, Helmholtz has done more than any other thinker 
to unravel. 

In his two great treatises on the psycho-physics of the 
Eye and the Ear, of Vision and of Music, he has drawn 
two elaborate and detailed charts, which for a long time 
to come will have to be consulted by those who, in the 
interests of physics, philosophy, or aesthetics, enter into 
these mysterious domains. Many celebrated theories or 
definite aspects and lines of reasoning invented by others, 
his forerunners or contemporaries, were adopted, but 
mostly with important modifications. It may be of use 
to enumerate briefly the principal ones, beginning with 
the most mathematical and exact and ending with the 
more general and metaphysical. In the beginning of the 
century Fourier had shown how any forces of motion in 
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two dimensions — however complicated or irregular that 
motion might appear to be — could be mathematically 
reiDreseiited or calculated by the superposition or addition 
of a larger or smaller number of simple periodic motions ; 
as it were analysed and dissected into these simple move- 
ments, just as any number can be looked upon as made 
up by the addition of others — say of prime numbers. 
Now, it was also known that sounds were produced by 
wave-like tremors of the air set going by the vibrations 
of strings or other sounding musical instruments ; further, 
that definite musical notes were absorbed or transmitted 
by neighbouring sounding bodies according as these were 
in or out of tune with the vibrating source of sound. 
This is the well-known phenomenon of resonance. Ohm^ 
had applied Fourier’s mathematical analysis to the ex- 
planation of the partial notes, the ground tone and the 
harmonic overtones (or upper partial tones), of whicli 
musical ^ sounds are made up. Helmholtz invented a 


^ Geo, S. Ohm, the same to 
whom we are indebted for the 
well-known law which obtains m 
electric currents, published in 1843 
a paper in Poggendorf ’s ‘ Aiuialen * 
(reprinted in ‘ Gesammeite Ab- 
liandlungen,' 1892, p. 575), “On 
the definition of a tone and the 
theory of the siren,” in which he 
applied the mathematical methods 
introduced by Fourier in his ‘The- 
one analytique de la Chalour ’ 
,(1822) ; as he had already done in 
liis earlier work on the galvanic 
current (1827). In fact, Ohm was 
one of the first to recognise the 
value of Fourier’s conceptions in 
contradistinction from Laphice’H, 
which were bound up with certain 
hypothetical notions as to the 
molecular constitution of bodies. 


See the introduction to his treatise 
on the galvanic current (‘ Gos, 
Werke,’ p. 63). 

Caguiard do la Tour had in- 
vented (1819) and Heebeck the 
younger had improved (1841) the 
first mechanical counter for the 
frequencies of musical sounds, the 
siren ; aud the latter as well a.s 
Duliamel had studied the com- 
position of such sounds out of their 
elements or simple notes. A sug- 
gestion had been thrown out as to 
the part played by the upper 
partial tones which accompanied 
the ground tone. Helmholtz! treats 
first of this subject in a lecture 
(1857), reprinted in ‘ Vortrage und 
Reden,* voL i. p, 79, dealing with 
“ the psychological causes of musi- 
cal harmony.” 
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“ Timljre 
defined. 


series of simple but ingenious apparatus by which these 
partial notes could be analysed, isolated, and made speci- 
ally audible, or by which the ground tone could be 
purified, and thus led up to his conception of the human 
ear — the different parts of which he analysed anatomic- 
ally and acoustically — as a most delicate resonator which 
separately absorbed the different elementary periodic 
movements that constitute musical sounds, the different 
uerve-'fibres carrying them separately to the central 
organ of perception.^ On the leases of these distinc- 
tions, Helmholtz succeeded in giving an accurate deHiii- 
tion ^ of that property of musical notes termed ‘‘ timbre ” 
by the French, “Klangfarbe” by the Germans — that 
peculiar colouring or texture which characterises the 
same noto^ if produced by different instruments. He 


^ See ‘ Die Lehre voii den i 
TonempftiKluugeii,’ 1st ed., 1863, I 
pp. y2, 95, 97. “The mam result I 
uf our description of the ear can • 
be thus fttated, that we have found j 
that everywhere the ends of the | 
auditory iiei've aie connected with ' 
special auxiliary apparatus, partly 
elastic, partly solid, wdiich under 
the inliuence of external vibrations 
are made to vibrate con etijjond- 
nigly and then probably atlect 
and agitate the nerve-sulistance ” 
(]. 212 ) 

Helmholtz was the iii.st to give 
a positive definition of “timbre.” 
As he himself ways (p. 114), before 
hun it meant all tlie peculiarities 
of a, musical sound wliicii are not 
defined by its intensity or its posi- 
tion in the soale---f,e., its “jiitch,” 

Of these he eliminates all such as 
are connected with the beginning, 
rising, and dying away of souinls, 
and deals only with sounds which 
are uniformly maintained (p. 116). 

The terminology ot acoustics 


and of music has been considerably 
changed, especially in this country, 
through scioiitific literature, m 
which the work of Helmholtz 
forms a kind of epoch. Accoul- 
lug to Lord Bayleigh (LSr.uiid,’ 
'lol. i. § 22, 1st od.), the word 
tone ” in the English language 
has been adopted by Tyndall to 
denote a musical .sound which 
cannot bo further rcholved. The 
word ^^as used liefore, but in a 
general .^ense, not limited only to 
.sounds, and where now “ tone ” is 
used in works on acoustics, the 
word “note’' wii& moie usually 
employed. Sir John Herschcl 
(‘ Encyelop, Metro] article 
“Sound,” 1845) df>es not con- 
sistently use tlie wnrd “tone” 
as an eijuivalent for the German 
“Tun,” Imt makes use of “sound ” 
or “note” or “tone” promiscu- 
ously. Still more uncertain was 
the terminology by which to ex- 
press the (quality of a musical 
sound other than loudness and 
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entered into an analysis of the processes by which vocal 
sounds and notes are produced, and showed their iin- 
portance in musical and linguistic theories. Combined 
with all these deductions and applications, which started 
from Fourier’s mathematical analysis of compound move- 
ments, Flelmholtz’s anatomical dissection of the organ of 
hearing leads him to the conclusion that there must 
exist in the ear different parts which are set in vibration 
by notes of different pitch, and which liave thus a sensa- 
tion of these notes.” ^ And here he takes up a different 
line of reasoning — that suggested by rlohannes Muller’s 
theory of the specific sense energies. Tn his studies 
in physiological optics he had already accepted '^"oung’s 
hypothesis that there exist in the eye three distinct 
kinds of nerve-fibres, to which lieloiig distinct modes 
of colour-sensation. Soiuotliiiig analogous exists in the 
ear.2 The differences in notes — namely, pitcli and u, 
colour for character! — are reduced to differences of the betw.'en 

.soiiiKl anil 

sensitive iierve-libres, and for each uerve-libre there exists 
only the difference of the intensity of the stimulus.” 

This brings the action of the sensory nerves into line 
with that of motor nerves : eveiy where tlie nerve itself is 


pitch, and, to the present day, 
the English tfingue has no e<iuiv- 
alent for the Kreuoh “timbic” or 
the German “ Klangfarbe Everett 
uwed the word character, and no 
does Lord liayleigh. Dr Young, 
in hi8 “Essay on Music’’ (ISOO, 

‘ Miscelh W’orks/ voh i. No. ,o), 
speaks of the quality of .sound, 
sometimes called its tone, register, 
coloui, or timbre (p. llS), lu the 
mo.st lecent scientific work on 
sound in the English language 
(Foyntiiig and TUomson’M ‘Text- I 


Book of Physics,’ Sound, p. 69) we 
read, “ It is convenient to use the 
term note for an ordinary com- 
pound sound to which a dotinite 
pitch may bo assigned, and the 
term time for each feimple harmonic 
constituent which goes to form it.” 
There is an important note on the 
terminology by Alex. T. Ellis, the 
learned translator of HolnihoUz’s 
‘Sensations of Tone’ (1875, p. J36). 

^ ‘Tonempfinduiigen/ p. 235. 

- Ibid., pp, 220, 221. 



490 


SCIENTIFIC THOUGHT. 


indifferent to the stimulus, which it carries in or out like 
a telegraph wire ; which, whilst acting in every ease in 
the same way, may, according to its terminal connection,^ 
deliver messages, ring a bell, explode a mine, decompose 
water, create or move magnets, produce light, &c. The 
same with the nerves. The state of irritation is, so far 
as the isolated nerve-fibre is concerned, everywhere the 
same, but in accordance with the nature of different 
parts, be it of the brain or of the external portions 
of the body, it produces motion, secretion, increase or 
decrease of blood, of heat in different organs, or lastly, 
sensations of light, sound,'' &c. 

The physiology of hearing had its brilliant application 
in a clearer understanding of the elements of language, 
of the formation of the vowel sounds, and in tlie study of 
the development of music — that art which, more than 
any other, seems founded on definite rules.“ In analysing 


^ ‘ Touempfinduugen,’ p 222. 

“ Fiom the time when Pythag- 
oi'as i& aaid io have discovere<l the 
arrangement of tones m an octave, 
by observing that the sounds of the 
blacksmith’s hammei in the forge 
produce a fourth, a fifth, and an 
octavo, and was then lerl to obtain 
hariiiomc proportion between the 
strings of the hepLachurd, all who 
investigate musical tones know th.tt, 
although these are lleeting sensa- 
tions, they depend physically on 
numerical relations between various 
kinds of movements; but it was 
Helraholtj^!, more than any otlier 
philosopher, who examined the 
whole range of the phenomena, 
physical as well as pliy biological, 
and whose work will for generations 
remain an enduring monument to 
his genius” (Prof, M'Kendrick in 
the Helmholtz volume of the 


“Masters of Medicine” Series, p. 
168). 

Since the appearance of the la&t 
edition of HehnholtiK’s great work, 
of which there exists an excellent 
English editi(»n with valuable notes, 
many of the points first investi- 
gated by Helmholtz have been taken 
up by other experimentalists as well 
as by psychologists. The invention 
of tlie phonograph by Edison in 
1877 gave a great impetus to exact 
research in the problems of audi- 
tion, and vaiious facts and theories 
have been advanced confirming or 
modifying the views put forward 
by Helmlioltz. On tliebc hcc the 
last chapter of Lord Eayleigh’s 
‘Treatise on Sound,’ 2udGd., 1894. 
On the x)S'ychological side see the 
2nd volume of Prof. Wundt’s 
‘ I’hysiologische Psyohologie,* pp, 
47-96. 
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these Helmholtz is led into testhetical and psychological 
discussions, clearly distinguishing between such principles 
as are inherent in natnrab physical, and physiological 
relations, and such others as depend on the inventions of 
genius and the gradual changes brought about by exter- 
nal ref{uirements and ingrained liy habit and education^ 
The physiology of seeing had yet more remarkable 
consequences for the history of Thought. We may say 
that through Helmholtz’s analysis of the formation of 
our space perceptions by the eye in connection with the 
tactile and muscular senses, psychology and metapb}'sics 
were brought into immediate contact witli physics and 
j)hysiology, It is here that Helmholtz takes up an 
entirely diflerent, and, previously, isolated line of reason- 
ing, which centres in Kant’s tlieory of space and time as 
innate forms of perception — the so-called subjectivity or 
ideality of time and space. The studies of this subject 
had been somewhat prepared by the writings of Horbart 
and Lotze, The teachings of Kant have had an influence 
ill the direction indicated through two distinct channels, 
— through Johannes Muller’s l^hysiology and through 
Herbart’s Psychology : ilie latter vseems to have had 


^ See the closing words of the 
13tli chapter of Helmholtz’s work ; 
“ Ah the fundamental principle for 
the development of the European 
toxml system, we shall assume that 
the whole uush of tones and the 
connection of harmonics must stand 
in a close and always distinctly 
perceptible relationship to some 
arbitrarily selected tonic, and that 
the mass of tone wliich forms the 
whole composition must be de- 
velo})ed from this tonic, and must 
finally return to it. The ancient 
world developed this principle in 


, liomoplionic music, the modern 
j world in harmonic music. But it 
I is evident that this is merely an 
I msthetical principle, not a natural 
I law. The correctness of this prin- 
I ciple cannot bo established a priori 
I It must be tested by its results. 

I The origin of such assthctical prin- 
ciples should not be ascribed to a 
natural necessity. They are the 
inventions of genius, as we pre- 
viously endeavoured to illustrate 
by a reference to the principles of 
architectural style.*’ 


17 . 

HblmTiolti! 
and Kant. 
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little inEuence over the Berlin school of physiology, but 
it has had a considerable influence on several members of 
the Leipzig school. In this school Lotze was educated. 

Locke had taught, and his followers had accepted, the 
doctrino that the so-called secondary cpialities of sensible 
things, such as colour, sound, hardness, &c., were sul)- 
jeclive. Speculative physics had prepared this view ly 
translating such properties into special forms of aggrega- 
tion or periodic motion, leaving only extension and le- 
sislance as the primary properties inherent in things. 
Kant had gone a step further, and maintained that 
space and time were likewise only subjective forms of 
our perceiving sense apparatus. Two problems grew out 
of this view, which are not clearly stated in Kant's 
writings. First, How does the perceiving mind arri\^e 
at the elaborate and systematic space conception which 
is peculiar to us human beings? — i.c,, out of what per- 
ceptive elements, and by what psychical processes, is it 
gradually Iniilt up ? Secondly — What is it that locates 
our sensations at definite places in space ^ There is a 
third question which Kant put and answered, that re- 
ferring to the nature and validity of tlie geometrical 
axioms. According to his view the axioms of geometry 
are innate, expressive of the inborn nature of our space 
conceptions ; in fact, the truths of geometry formed in 
his view the only instance of knowledge gained not by 
experience but a priori — before or outside of experience. 

IS. An entirely independent series of psycho-rihysieal m- 

Tliebiotlwrs . . 

Weber. vestigutious was Started even before Johannes Mliller, 
by Ernst Heinrich Weber of Leipzig, who, with his two 
brothers, Wilhelm and Eduard, may bo considered as 
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the centre of the Leipzig school of Anatomy, Physiology, 
and Physics.^ After liaving been among the first to 
import the exact methods of research into physiology^ 
and having carried on a vaiiety of investigations refer- 
ring to physiological optics and acoustics,- he approached 
the subjective phenomena of sensation : recording, for 
example, witli what degree of accuracy different parts 
of the surface of the skin on face, arm, leg, &c., per- 
ceive the distance 1)etween two points which toiicli the 
skin — say the two points of a pair of compasses ; 
recording also the relation of the smallest increase 
of any given sensation to the corresponding increase 
of stimulus. In the latter series of experiments, lie 
arrived at what has been termed ^ Weber’s Psycho- 
physical law. He did not call it so himself ; he simply 
showed by experiment that in a vaiiety of cases the 
stimulus had to increase in proportion to its own initial 
intensity in order to produce a just perceptible increase 
of sensation. Tliese experiments did not attract mucli 
attention till Gustav Theodor Fechner look them up, 
building ujion them his celebrated Principles of Psycho- 
physics.” Ik 3 foro referring more in detail to these, 1 
must mention a thinl lino of reasoning wliich, as stated 
above, had a coiisideralde iniluenco on the Leipzig school 
of Psycho - physics, tliough probably it had as little 


1 On the liiUcmrs of the brother-s 
W’ebt^r, wee the refertiiu'e-s fj^iven 
above, voh i, p. 196, also the present 
volume, p. ill, note. 

E. H. \Vebor published in 1817, 
‘ Anatomia comparata nervi sym- 
patbici;’ in 1820, 'De aure et 
auditu hominis et animalium ; ’ 
from 1827 onward, * Annotatioues 


anatomiem ot phyhiolo^icio, ’ in 
wbich, in 1881, there appeared liih 
celebrated treatise “Tabtsinn und 
Gemeuigeffihl.” J oh. ^LuUerls ‘ Ver- 
gleichonde Anatornio des (Jesiebt- 
famnes’ appetired hi 1826. 

By Fechner in his ‘ Eleinente 
der "Psychophysik ’ (2 \c>ls,, Leip/ijjf, 
1860). 


lit. 

Fooljnrr’s 

Esyclio-’ 

physics, 
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influence on E. H. Weber as the earlier philosophy of 
nature, to which it formed a pronounced opposition. 

20. Herbart was not an experimental philosopher : never- 

Influenc-e of 

Herwt. tlieless a place in a history of scientific Thought belongs 
to him. Indeed, his philosophy, like that of Kant, and, 
in cpiite a different way, of Schelliiig, has had a marked 
influence on many thinkers and men of science who have 
prepared the ground for an exact treatment of the pheno- 
mena of Life and Mind. Among exact psychologists I 
need only name Yolkmaiin, Drobisch, Lotze, and in our 
time Professor Wundt ^ of Leipzig. It is therefore of 
interest to mark the precise point where Herbart’s in- 
fluence comes in. 

Although an exact school of psychology might aim at 
studying psychical and psycho-pliysical phenomena with- 
out reference to any general theory of the soul as the 
supposed centre and substance of these phenomena, 
the existing ideas and theories as to soul and mind 
have nevertheless always played a great part in these 
researches, just as it has been found impossible to free 
biological research altogether from some theory of life. 
Older psychologists were consciously or unconsciously 
governed by the conception of a number of distinct 
mental faculties. Even Kant’s philosophy is still 
embarrassed by this view, which reigned supreme in 
the teaching of his predecessor Wolf. The attempt of 


^ This is not the place to sj^eak 
about the Herbartiau school, which 
IS almost entirely confined to Ger- 
many. I have z’eferred to Prof. 
Wunflt because, in spite of a run- 
ning criticism, in the ^Physiologiische 
Psychologie,' of Herbart's special 


doctrines, the author of tliat im- 
portant and comprehensive work 
himself declares (Preface to the 1st 
ed., 1874) that for the formation 
of his own views he is, next to 
Kant, most indebted to Herbart. 
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Herbart, therefore, to overtln'ow the so-called faculty- 
psycliulogy, and to insist on the essential unity and 
simplicity of the inner life, must have made a great 
impression on all wIkj came under the influence of his 
philosopliy. It did this in two waysd It first of 


^Besides HeiU.irc 0770-1811), 
whohe ])sychological wuliiig.-s date 
trum 1818 to 1825, another Ueini.in 
psychologist is usually uieiitr me*! ah 
having helped to overthi o\v theohh r 
faculty-psychology. IJenckc (171)8- 
1851), rh youngei contemporary et 
Herhart, ct»nceived of psychology 
as a natural science, [lis principal 
work, ‘Jjchrlmch der P.sy<;hologie 
als jSTatui wisscuHchaft ’ a]»pearcd 
in 1888, and has keen »everal times 
repuhhslied, the touith edition a]»- 
pearing in 1877. Beiieke -worked 
in opposition to Hegel at. Beiim, 
his historical hjreruniim s heing the 
Oerman }ihilosophers, Jai'ohi, Kries, 
and Hchleici'/uaclicr, as well as the 
X^nglish philosophy of the so-called 
Association - Hcliool. An account 
of his jdiiloHophy does not helmig 
to a chapter on jisyoho-physicK ex- 
cept in as much .is he introduced 
into the study of the inner life not 
indeed the facts and data of physical 
— i.e.i physiological— science, but 
the physical inothod. He was the 
purest representative of the psycho- 
logy of the “ inner sen.se " Wlulst 
Herbart based his psycliology alike 
on experience, nietaphysics, and 
mathematics, Ilencke accepted only 
the first, and discarded the latter. 
Standing thus outside the all- 
powerful school of Hegel and the 
ittcioaHing influence of Herbart, 
Beneke had during his lifetime 
only a limited audience, and re- 
ceived due attention in a wider 
circle, fir.st and principally through 
Ueberweg, who was greatly im- 
pressed by him. In fact, his 
inttuence was felt in Germany 


about the .same tiuio <xs that of 
tlif' English .iiid ScottK-^h philn- 
ho}diers. Uoicrwcg, in his well- 
known ‘ Histoi} of Idiilohopliy,’ 
vol. 11 . ])p. 281-292 (Engl naiihl 
1»\ IMoin-., 1874), give> a full .ic- 
count ot lieiickc IVof Erdmann 
gnes a very full .iccouut also in 
his excellent Minnidiiss d(‘r Ge- 
KchichUMlei hhilo-opiiie ’ (8te Aull , 
1878, vol. li. p)». i The fact 

th.d. !leuoke> method is intro- 
sjic'divo, bring', him not only into 
contact w'lth the English school, 
but .ilso vvilh French thought, 
which has always been character- 
ised IjN .'^ubtle psychological anal- 
yws. 'Thi.s explains 1 ho fact, that 
M. M.anon(iu the ‘Grande Encyclo- 
]»edie') calls Beneke “uu de.s pnn- 
cipau.x philoHopbes Allemands du 
si6cle,'’ — a ilesiguation which would 
hanlly be echoed either in Germany 
or in England. The bast account 
of Bouekes position in the de- 
velo[>mcnt of psychology extant lu 
the l<kiglish language is that of I)r 
G. F Sttmt, in hisj article 
“ Herhart compiired with English 
Psycli<)logiKi.s and with Beneke,” 
in the 14th volume of the Ist 
series <if * Mind ’ (1889). M. Itibot, 
in luH well-known book on ‘ Modem 
German Psychology ’ (Engl, traash 
by Baldwin, IB99), does not say 
much about Beneke, but his ai;* 
count of Herbart and his school, 
and then* position in psycho-physi- 
cal thought, ia concise and much 
to the point. Dr Stout’s articie.s 
on Herbart in ‘Mind ’ (vols. 18, U) 
are also much to be recommended. 
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all liberated tliem from the trammels of an antiquated 
and misleading terminology ; and secondly, it impressed 
them with the necessity of giving an answer to the 
question how the multiplicity of sensations or the flow 
of ideas was held together in the unity of an inner 
existence. Thus it is a characteristic of all psycho- 
physical writers w^ho have come under the influence 
of ITerbart, that liowever much they may be occupied 
with detailed description of physiological processes, with 
the analysis of sensations or the dissection of the data 
of experience, they never lose sight of the underlying 
mental unity which is the central phenomenon of psy- 
chology and of psycho-pliysics, just as it must be the 
central problem of biology to arrive at some definition 
of life. Had the investigations of psycho -pliysical pheno- 
mena remained wliere Weber or oven Helmholtz left 
them, we sliould Jiave brilliant chapters on the phenomena 
of touch, of seeing, hearing, and other processes where 
the outer and inner worlds come into contact, but no 
attempt to sum up these brilliant contributions in a 
connected view of the inner and higher life — the most 
22 remarkable and unique phenomenon in nature. It seems 
to me that, in Germany at least, it is through Herbart, 
more tlian through any other thinker, that we have 
been preserved from a threatening disintegration of 
psychological research. It is the more necessary to 
recognise this, as most of those writers who at one 
time came greatly under Herbart’s influence have found 
it necessary, after having become thoroughly saturated 
with this one gxeat truth in his philosophy, to abandon 
almost the wliole of the more detailed expositions con- 
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tained in his worksd Heihart was quite as correct 
in his ideal of what psychology should be, as he was 
unfortunate in the particular manner in whieli he 
elaborated it. 

Psycliology was to be founded on experience, meta- 
physics, and mathematics. Kant had studied the inner 
activity of the mind as it is conq^ounded of sensation, 
perception, and ax:>perception , of understanding, judgment, 
and reasoning. In opposition to this Horbart went back 
to the position taken uj) hy Locke and Hume, looking at 
the inner life of a conscious imnital being or soul, not as 
a complex of mental faculties, Init as a flow of ideas or 
perceptions How is the unity and snnjdlcit.y of tliis 
mental being ])reserved in the midst of this continuous 
ilow of ideas ^ hov is it regained us often as it is in 
danger of being lost ! His investigations start at tlie 
point where the inquiries of the association sidiool of 
psychologists started in England. IIa.ving*, however, the 
mechanics and dynamics of physical forces more jn'ornin- 


^ Dr Stout has given au ,i<!- ^ 
count of the HGrlwrti.ni sohool 
in the 34th volume of ‘Mind,’ p. 
3r)3 sqq He conhnow liinihclt to 
Diohisch, AVaiLs!, and Volkuiann, 
the psyche dogiiats pr(ij)er. M, 
Eibot (loc. cit.) has dwelt more 
on the development of the Ilorbart- 
ian school in the direction of an- 
thropology and olhnology ; lie 
wientions .specially Waitz, as well 
as Lazarus and Stointlud. He 
contrasts thoir work ami their 
positions with thQ.se of Hie great 
anihrojiologisis of the EugliKh 
scliool, such as Tylor, Tjubbock, 
and Herbert Hpeucer, and notes, 
in the German school, the absence 1 
ot* Darwinian ideas. 3t is import- , 
nut to observe that both in the cane 

VOL. IX. 


of Prof. Wundt of Leipzig and of Mr 
Spi'iKjor in England -that is, in the 
ease of the latest outcome of the 
Kiiiit-Hcadiartian philosophy on the 
on»‘ side JUKI of the Association phil- 
osophy in Enghind on the otlier — 
jual in each <*{ue uiid(‘r th<‘ infiueuee 
of the exact and biological scieiu^cH 
phihisijphy oiitis in elaborate treat- 
isi;.s on Anthrfipology, which with 
S]aM!Cf‘r is conceived uinhn* the 
njiine of Sociology. Simikirly, ilie 
Hcho<d of Hegel ended in elaborate 
historical treatises, ihiiue turned 
from abstnaet jdiihssofdjy to politi- 
cal economy an«I history, and 
Herder — as we shall sec later ‘»n 
1 •-anticipated much of .all this 
, m(»vement in his History of 
Mankind. 

2 I 
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Mathe- 

matical 

l>sycholo!j:y. 


ently before his mind than they had, he was tempted 
to try how far the conceptions of equilibrium of motion 
and of the composition of forces could be applied to the 
inner play of ideas which chase, oppose, and displace 
each other, preserving all the time a kind of dynamical 
equilibrium. His elaborate mathematical calculations in 
the first part of his greater work on psychology do not 
specially refer to the purely intellectual process ; ^ they 
refer rather to all inner processes which oppose each 
other, which come into conflict, restraining each other in 
proportion to their contrast, creating a tendency towards 
reversion to former conditions. Such a play of oppos- 
ing forces is to be found likewise in the larger field of 
human society ; this is accordingly quite as much a case 
for the application of those psychical mechanics which 
Herliart aimed at establishing. 

In a history of scientific Thought, which aims at 
showing by what gradual steps the various provinces 
of phenomena have been brought under the methods of 
exact treatment, the psychology of Herbart has an im- 
portant as well as a unique and isolated position. It 


1 Herbart himself says of his 
mathematical chapter, that the re- 
sults therein given “ do not follow 
immediately from the conception 
of a thinking being; but they re- 
fer to the mutual arrangements of 
any things, m so far as they are 
opposed and as they collide, re- 
stricting each other in proportion 
to their contrast, tending to revert 
to the previous condition, the 
unrestricted portions being fused 
into complex forces. The forces 
which are active in society are 
doubtless originally psychological 
forces. They meet in so far as they 


appear in language and in actions 
ill a common sensual world. In 
the latter they restrict each other ; 
this IF the universal spectacle of 
conflicting interests and social 
frictions. Also the fusion no doubt 
exists. . . . We therefore assume 
that among men living together 
the same conditions appear which 
exist, according to our view, among 
the ideas in one and the same con- 
sciousness. W^'e examine the re- 
sult of their mutual restrictive 
action” (“Psychologic als WnF.sen- 
schaft,” ‘Werke,’ ed. Hartenstein, 
vol. vi. p. 31, &c. 
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led psychologists to consider more closely the conditions 
under which a mathematical treatment is at all possible, 
and to recognise that exact and accurate measurements 
must precede all application of an abstract calculus. 
Herbart's ideal was that of a psychical mechanics; he 
opposed ^ the idea of a union of physiology and 
psychology. And }'et this was just the direction in 


^ In a very interesting note at 
the end of the introduction to the 
second part of liis larger work on 
psychology, Heibart explains his 
position with regard to phj biological 
psycholog}’’. It refers to certain 
extracts which he makes from 
Kudolph’s ‘ Grundriss der Phy.siol- 
ogie,’ ill which that eniment ]>hy.si- 
ologist referied to Herbart’s ‘ Lchr- 
buch der Psychologic.’ “ It is not 
only a metaphysical but alho a 
logical error to confound psycho- 
logical and physiological rese.irch. 
Psychological phenomena are not 
in space, but space itself, witli all 
that appears in it, is a psycholog- 
ical phenomenon, and, indeed, one 
of the lirst and most ditficult facts 
for psychology, which, in the treat- 
ment ot it, would behave very im- 
properly if it began by dl.scus^illg 
the forces in the nerves ; for the 
question is not, where sensations 
come from, but how sensations 
acquire the form of space. Now, I 
maintain further, that the difler* 
ence between lifeless and living 
matter — that is, between jihysics 
and physiology— -cannot be under- 
stood until we know mind by means 
of psychology, for m all the count- 
less elements of the organised body 
— in plants as well as in animals — 
there is an analogue of mental de- 
velopment which cannot pos&ibly 
be found on the surface of yjheu- 
omena. We observe internally a 
fragment of owr own mental exist- 
ence. This fragment is developed 
into scientific knowledge through 


i speculative p-^ychology based on 
I inetiqihy.sicte. This knowledge 
meets another equally metaphy- 
sical science, natural philosopliy, 
with it'- conception of niatiei — 
that IS, of sucli matter as we know 
through clioimsiiy and dynamics 
Then only can the question be jmt, 
how ftuch matter must be con 
stituted, so that its separate ele- 
ments are detenuitietl, not only 
through their original quahtt , bufc 
also through a develf>pment analo- 
gous to the mental one,” ko, 1’he 
section closes with the following 
characteristic passage: ‘‘Those 
who favour empiricism can learn 
from the present state of physi- 
ology how much, or rather how 
little, more experience can do. 
Physiology, as an empirical doc- 
tinnc, has attained a height which 
nobody can despise. ^Moreover, it 
proceeds in the light of modern 
physics. Nevertheless, it has 
eageily sucked up, as the sponge 
sucks up water, that phihisophy 
of nature -which knows nothing, 
because it began by construing the 
uni verso a j)rioru Towards' this 
error no science has proved so 
w'cak, so little capable of resist 
aiico, as yihysiulogy. The talk 
about life has become the Dead 
Sea in wdiich all spirit of philo- 
sophical research is drowned, so 
that, if a resurrection is at all to 
he hoped for, it must be born anew 
in quite unbiassed minds” (‘Werke,’ 
vol. vi. p. 05, &c.) 
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which an exact or scientific treatment of mental phe- 
nomena could meet with any success at all. It was in 
the schools of physiology, in those of Johannes Muller 
and of Weber, that philosophers had to learn how to 
attack the borderland of bodily and mental phenomena, 
liotze’s approached the subject from this point 

oniifsoff Hermann Lotze. He was a disciple of 

E. H. V/eber, and had been led to psychological re- 
searches from two independent starting-points : first from 
the study of the medical sciences which, under the hands 
of his great master, had largely benefited by the ap- 
plication of the exact methods of the physical, the 
measuring, and calculating sciences, but also from an 
entirely opposite (][uarter.^ A lively interest in poetry 
and art had led him to philosophy.” He was attracted 
by that great body of ideas which, through the systems 
of Eichte, Schelling, and Hegel, had become permanently 
domiciled in German culture. In this great realm he 
could move with some freedom,” for it had not be- 
come crystallised into a definite system of doctrine ; 
exact studies had, moreover, easily convinced him how 
absolutely untenable was the form into which Hegel had 
cast that valuable possession.” 


^ The quotations in the text are 
taken from Lotsie's polemical pam- 
phlet, ‘ fStreitschrif ten ’ (Leipzig, 
1857), pp. 6, 7. As already men- 
tioned {supra, p. 407 note). Lotze had 
been nnsunclerstood by his critics, 
of whom some represented him as 
a materialist, others as a follower of 
Herbart. In refuting the latter 
charge he explains his position to- 
wards the idealistic systems of the 
fii'st half of the nineteenth century. 


He acknowledges two great personal 
influences, that of C. H. Weisse, 
which, as it wore, touches the 
kernel of Ins convictions, and that 
of the study of medicine, which, 
in his ca^ie, was intimately con- 
nected with that of the physical 
sciences. He admits, as did Her- 
hart, having passed through the 
magniheeni portal of Leibniz’s 
ftlonadology to a general arrange- 
ment of his philosophical opinions. 
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We must bear in mind this twofold source of Lotze’s 
reflections if we want to estimate correctlj the value of 
his early criticisms regarding the then prevalent treat- 
ment of such questions as life and mind in the medical 
sciences On the one side he had the object of clear- 
ing the way for purely mechanical explanations. We 
learnt in an earlier chapter how he was one of those 
who successfully chased out of biology the vague idea of 
a vital force. And when he approached the problem 
of mind and body, we find him insisting on the presence 
of a psycho-physical mcchanisni whicli rules ^ tlie inter- 


^ The opinion ot Lolze regarding 
the relation of soul and body, or 
rather of pfeycluual and phybieal jdio- 
nomenti, has been btuted by him, 
Yanously, as parallelism, occasionah 
ism, pre-established liaimony, and 
was ultimately crystallised m the 
term psyuho-j>hysical mechanism 
The question is fully discussed in 
the articles, “Leben und Lebens- 
kraft,” “Instinct,” “ Seele und 
Seeleuleben ” whicli ho contributed 
to R. ^Vagner’s ‘ Handworborbuch 
der Pliysiologie ’ They arc reprinted 
in Lotze’s ‘ Kleine Schriften,* 
ed. I). Peipers, 4 vols. (Leipzig, 
18S5-91), He there says, “The 
conception of a psycho - physical 
mechanism can be stated as fol- 
lo^vs : As ideas, viditions, und other 
mental slates cannot lie compared 
with the quantitative and special 
properties of matter, hut as. never- 
theless, the latter seem to follow 
upon the former, it is evident that 
two essentially diiferent, totally 
disparate, series of processes, one 
bodily and one mental, run par- 
allel to each other. In the intensive 
quality of a mental process, the 
extensive definiteness of the material 
process can never be found ; but if 
the one is to call forth the other. 


the proporliuiiidity between them 
must be secured tlirough a connec- 
tion which appears to be extrinsic 
to both. There must exist general 
laws, ^ wliich ensure that^ with a 
iiKjdifioation a of the mental sub- 
vstance a modilication h ot tlie liocHly 
substance shall be connected, and it 
i^ only ill consequence of this inde- 
pendent rule, and not through its 
own power or impulse, that a 
change in the soul produces a 
corresponding one in the body” 
(vol. 1 . p. 193), Lotze destroyed 
the idea of vital bucc, but he 
only chased the c«mce}ition of 
the soul beyond the limit of the 
psycho-phyMical inechanisin, and he 
main bams that natural ami medical 
science have no interest in pursuing 
the ijucwtion beyond that limit, 
“however interesting the further 
discussion of this subject may be to 
speculative psychology ” (vol. i. p. 
197)“—“ for it IS quite indifferent to 
medicine, wdierein the mysterious 
union of body and soul consists, as 
this is the constant event which 
lies equally at the bottom of all 
pheuomei:ia. But it is of the 
greatest interest to medicine to 
know what affections of the soul 
are connected in that mysterious 
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action of external and internal phenomena, of stimulus 
and sensation. 

25 . There existed indeed another side — that which we 
Lotze’s ‘ may call the philosophical ; it does not at present enter 
into the course of our narrative, which deals only with 
the extension of scientific or exact thought, and with 
mental phenomena and the inner life in so far as they 
form a province — perhaps a very restricted province — of 
the whole of nature. This province Lotze was among 
the first to proclaim distinctly to be one which natural 
science had to conc|uer and to cultivate. He is careful 
to explain that it does not cover the whole ground of 
psychology, and at the end of his long discourse on the 
“soul and its life,'’ which formed an important con- 
tribution to the great physiological encyclopiedia pub- 
lished in the middle of the century, he clearly marks 
out “physiology of the soul as an exposition of the 
physical and mechanical conditions to which, according 
to our observation, the life of the soul is attached,” ^ as 
one of the several problems of psychology. It formed a 
counterpart to the physiology of the body, of the physical 
side of our existence, and was, like it, to become a natural 
— Lc., a mechanical — science. Subsequently he collected 

the whole of his reflections belonging to these two de- 
partments in two treatises on the ‘General Physiology 
of Bodily Life' (1851), and on ‘Medical Psychology' or 
‘ The Physiology of the Soul ' (1852), 

As little as it now enters into our programme to 


manner with what affections of 
the body. Unfortunately, medical 
science has only too often lost sight 
of this its proper problem over fruit- 


less speculations referring to that 
connection ithelf ” (p. 197). Of. also 
* Medicinische Fsychologie,’ p. 78. 

^ * Kleine Werke,’ vol. ii. p. 204. 
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follow up the philosophical reasonings of Lotze beyond 
the limit of the psycho -physical mechanism, so little 
were these at the time of their appearance lieeded by 
many of his readers, some of whom he seems to have 
converted to or confirmed in a purely materialistic con- 
ception of the phenomena of the inner or mental world, 
Lotze had banished '' vital forces from biology , why 
not follow him, and banish all other higher principles, 
and revive — as Carl Vogt did ^ — the dictum of Gabanis 
about the analogy between the functions of the brain 
and the kidneys ? Why should the anima of Stahl 
not have the same fate as the vital force '' of Borden 
and Bichat ? 

This was a misconception of what Lotze had intended. 
He had, indeed, banished ^ the principle of life as a 
factor useless in physiological explanations ; but not the 
principle of organisation, which must have presided over 
the beginning of all organic forms. ThiKS might be 
neglected by physiologists, who had nothing to do with 
origins but only with existing relations. It was quite 
different with mental phenomena, which, manifesting 
themselves alongside of physical processes, required to be 
dealt with and recognised as actually existing and con- 
ciuTent events.^ Herbart’s psychical mechanism might 


1 On this, see tliye account given 
in Lange’s * History of Materialism ’ 
(Engl, transl., vol. ii. p. 285) and 
Lotze’s reference to it in ‘ Med. 
Psychol.,’ p. 43. 

“There is no doubt that a 
legitimate attack upon ‘ vital foi'ce ’ 
has marked in our days that line of 
reasoning, which has by the law of 
inertia carried many of our con- 
temporaries far beyond the correct 


limit on to a negation of the exist- 
ence of a soul” (ibid., p. 41). 

* These various points arc very 
fully discussed in Lotze’s earliest 
philosophical work, ‘ Metaphys>ik ’ 
(Leipzig, 1841),'pp. 261, 265, 259 ; 
and again in the * Med. Psych ologie ’ 
(1852), p. 78. lief erring to the 
last chapter, in which I dealt with 
the development of the theories of 
life and organisation, two points 
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be an unrealisable ideal in that it dealt witli inner 
phenomena as unconnected with outer ones : a psycho- 
physical mechanism was a nearer approach to a true 
description of reality, and could not be narrowed down 
to a purely jjhysical occurrence, moreover, the unity 
of mental life was a special property which had to 
be recognised and defined. 

26. Lotze himself, after formulatiim the conception of a 

The psycho- 

psycho-physical mechanism, and utilising the elaborate 
and fundamental experiments and observations of Weber 
as illustrations of what was meant, made an important 
contribution towards an analysis of a compound physico- 
psycliieal process. He took up the problem winch 
Berkeley had attacked, of the formation of our space 
perception. It had been introduced into German 
psychology mainly through Herbart with reference to 
the Kantian doctrine that space is a subjective foirn. 
Through Lotze, and subsequently through Helmholtz, it 
has been shown to have not only a psychological but 
likewise a physiological importance : it is a problem of 
psycho-physics. 

There exists a peculiar difficulty in bringing home to 
the popular mind the fact that a special problem is in- 


may be noted. First, it is clear 
that Lotze was an “organicist” 
hefox’e Claude Bernard and other 
more recent thinkers mentioned 
above. Secondly, it is very evident 
that Lotze belongs to the pro- 
Darwiman school of thought. In 
fact, he does not relish the genetic 
aspect The historical beginnings 
of ideas are for him no indication of 
their value and correctness. He 
says on this paint : “ The genesis of 
a conception is no ax’-gument for its 


validity ; in the ever indistinct 
maiJiioi in which language operates 
in forming its woids, it may form 
the correotest conceptions in just 
as incon*ect a manner as the most 
erroneous ones. What is important 
IS wliether the conception, formed 
anyhow, can justify itself ” (‘ Med, 
Psychol.,’ p 'll). I shall on 
another occasion have to refer 
more fully to this marked absence 
of the historical sense in Lotze. 
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volved in the manner in which our senses of 
touch comhine and ariange simple sensations mto"’'^e" 
whole of a well-ordered perception of space ; for we do 
not become able to appreciate the fact of the slow 
and gradual growth of this perception, whicli takes 
place in the early days of our infancy, till long after 
we have actually gained full possession of it. Some- 
thing similar exists witli regard to language and 
thought: we only liear of grammar and logic long 
after the main difficulties of speech and thinking liave 
been unconsciously mastered, and if it were not for 
the existence of other languages than om own, and 
of an erroneous logic as oxemplitied in errors of cal- 
culation and of measurement, it is doubtful whether 
grammar and logic would liavo been so early developed. 

As it is, the physiological problem of the foiniation of 
our space perception was actually first forced upon 
naturalists by the observation of pathological cases, such 
as the acquisition of sight in later life through couching, 
the existence of colour blindness, and a variety of optical 
delusions which still serve as indispcnsulile test eases for 
the various theories that liave been propounded. Only 
when something turns out to be palpably wrong do we 
begin to inquire what constitutes the right side of many 
things. 

Thus the cases of Cheseldeii and Wardrop and the 
colour blindness of Dalton set physiologists thinking 
about the genesis of our space and colour perceptions. 

A very great impetus — perhaps the most valuable of all 27 . 

— was given by Wheatstone's invention of the stereo- 

• -f Htoieoscopo. 

scope m 1638 ; an instrument which, as it were through 
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a kind of deception, gave to perfectly flat surfaces the 
vivid appearance of depth and distance. And here we 
may note, in passing, how it was almost entirely left 
to foreign thinkers to utilise this remarkable invention 
for the benefit of the theory of vision and the science 
of psycho-physics ; ^ Whewell having characteristically 
omitted this epoch-making fact, as in his well-known 
history he omitted to notice many other contemporary 
British contributions to science. 

Philosopliers, who are accustomed to find hidden 
problems where ordinary persons only see common-sense, 
had already approached the question of the genesis of our 
space perception from two definite points of view, which 
we may, for the sake of convenience, identify with the 
names of Kant and Herbart. The genetic view associ- 
ated by the physiologists with the name of Kant, and 
sup])osed to have been prepared by Locke, Berkeley, and 
Hume, was this, that what we know of external things 
depends upon the peculiarities of our own perceiving 


^ Sir Charles Wheatstone (1802- 
1875), to whom several inventions 
of equal scientific and practical 
interest ai'c due, invented the 
mirror - stereoscope in 1833. A 
notice of it was given in Mayo’s 
‘Outlines of Human Physiology,’ 
but neither its theoretical nor its 
practical importance was recognised 
till Wheatstone published his paper 
in the ‘Phil Trans.’ in 1838. He 
there refers to Leonardo da Vinci as 
having been the only one before him 
to notice the diirorence of binocular 
and monocular vision. Since 
Wheatstone’s invention became 
known and was perfected by 
Brewster, Moser, and others, and 
especially since Helmholtz entered 
the field with his extensive and 


origmal researches in optics, it has 
been found that ancient as well as 
more recent philosophers had ap- 
proached the subject very closely ; 
and many references are given in 
the new edition of the ‘Pliysio- 
logische Optik’ (1896), p. 840. 
The invention of photography about 
the same time (1835, by Daguerre, 
after extensive and prolonged ex- 
periments by himself and Niepce, 
published in 1839 by Arago), which 
was of gieat importance to optical 
theory, was also for some time 
singularly little appreciated by 
theorists. See Rosenberger, ‘ Ge.sch. 
d. Physik,* vol. iii. p, 316, See also 
Helmholtz’s lecture “Ueber das 
Sehen des Menschen” (1855). 
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and thinldng self, on sensations, and on their arrange- 
ment or orderly presentation. The sensations them- 
selves are the substance, the spatial arrangement 
of them the form, of our perception of external 
things. The question was gradually put more and 
more clearly, How we come to localise certain of our 
sensations at definite places in the totality of a spatial 
arrangement ? Herbart added another important refiec- 
tion, which really dated from Leibniz. Impressed with 
the unity of all mental existence, and claiming this as 
the characteristic property of our inner life, he asked the 
question, How can the oneness or simplicity of this inner 
existence, as it were, expand itself without losing its 
unity, into the orderly variety of a spatial contemplation ? 
For the purpose of an answer to this question he fixed 
on the phenomenon of motion. The conception of an 
orderly arrangement of sensations or things in space is 
gained in great measure by the aid of definite move- 
ments of the sensitive organs, which are accompanied 
by definite sensations of motion — ejj-, by muscular 
sensations. 

The first of these two questions may be expressed in 
the words, Given the subjective form of a space percep- 
tion, either complete in its geometrical arrangement (the 
nativistic hypothesis) or gradually acquired in the early 
moments of our conscious life (the empiric hypothesis), 
how do we make ourselves familiar with, and at home in, 
tliis form of perception ? And secondly, By what special 
properties or local signs do we localise or place each 
single sensation in its right and orderly position ? The 
first is the problem of space construction, the second 


28 . 

Localisatic 
at sen-^a- 
tions. 
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29 . 
Lutze’t. 
“local 
signs ” 


80 . 

Feolmer 


that of localisation of things in space. Lotze \Yas one of 
the first to attempt detailed answers to these questions. 
In particular he propounded the theory of local signs,” 
which with certain modifications has been adopted by 
subsequent writers on the subject The combination 
of physiological, optical, and psychological investigations 
in Hehnholtz/s great work on ' Physiological Optics ’ 
has brought definiteness and mathematical precision 
into many of the questions suggested by philosophers 
and naturalists before him. Through it and its great 
companion, the ‘ Physiological Acoustics,’ psycho-physics 
has to a large extent become an exact science. 

A great step in the direction of drawing psychical 
phenomena into the circle of the exact sciences was taken 
independently by Gustav Theodor Fecliner;^ in fact, it is 


^ a. T. Fechner (1801-1S87) was 
a uiiniue figuie m German liter- 
ature, science, and philosophy. 
Beyond his own country he is only 
veiy inipei'fectly known and appre- 
ciated He was self - taught, and 
living all his lif^^ somewhat outside 
the conventional categories of Ger- 
man academic activity, he made 
a position for himselt which has 
only become intelligible to a larger 
public through the issue — after 
his death — of Prof. Wundt’s ora- 
tion, Prof. Kuiitsie’s (his nephew’s) 
ebarnnug biography (1892), and 
Prof. Lasswitz’s monograph on 
Fechner (Stuttgart, 189(5), in 
winch for the first time a co- 
herent exposition of his philo- 
sophical teaching is attempted. 
Prof Wundt lia^* also, in many 
passages of his work on psy- 
chology, and through the second 
edition of the ‘ Psychopliysik,’ con- 
tributed largely to a better under- 
standing of Fechner’s views and 
merits. He descended on both 


sides fiom ancestors whose position 
was that of highly esteemed Pro- 
testant pastoi’s ; he studied medi- 
cine like Lotze, and was the friend 
and colleague of Lotze’s teachers, 
Weber and Weisse. In his auto- 
biographical record, eoiQinunicated 
by Kuutze, he confesses having be- 
come almost an atheif-t under the 
intlueuco of his medical studiess, 
until he became ac(iuainted with 
the philosophy of Schellmg, Oken, 
and Steffens, which dazzled him, 
touched the poetical and mystical 
Hide of hiH nature, and, though he 
haidly understood it, had a lasting 
inffuencG on hifsn. The simultan- 
eous occupation with the best 
scientific literature of the day (he 
translated French text- books such 
as tho>e of Biot and Thenard, and 
verified Ohm's law experimentally), 
hmvever, forced upon him the 
sceptical reflection whether, of all 
the beautiful orderly connection 
of optical phenomena, so clearly 
expounded by Biot, anything could 
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to hull that we are indebted for the term Psycho-pliysies, 
which in the present chapter I have used in a more 
general sense. Feehner worked independently of Lotze 
and Helmholtz on the lines of E. H. Weber. He does 
not seem to have been much infiiienced by either Kant 
or Herbart. In 1860 he published his ‘Eleniente der 
Psychophysik/ which was to be an exact treatise on the 
relations of ‘‘ mind and body,” founded upon a ineasnre- 
nient of psychical quantities. 

Herbart’s attempt to submit psychical phenomena to 
the exact methods of calculation had failed through the 
want of a measure for psychical cpiantities, Lotze had 
suggested the idea of a psycho-physical mechanism — 
i.e,, a constant and definite connection between inner 
and outer phenomena, between sensation and stimulus. 
E. H. Weber in his important researches on Touch and 
Bodily Feeling ” had made a variety of measurements of 
sensations, and shown that in many cases stimuli must 
be augmented in proportion to their owm original inten- 
sity in order to produce equal increments of sensation. 
These observations lent themselves to an easy inatlie- 
matical generalisation. Feehner was the first to draw 


have been found out by Oken- 
Schelliug’s method ? ’’ This mix- 
ture or alteration of exact Bcienco 
and speculation, of faithfulness and 
lo\ ulty to facts as A^ell as to theory, 
run^ through all Fechner’s hie, 
work, and writings. Much of his 
poetry, of his fanciful and para- 
doxical effusions, is meant seriously, 
and is really more coherent than 
it a})pearecl to his reader^, bome of 
\^]lom knew him only under his 
pseudonym of Dr Mises. He lived, 
thought, and w^mhed truly on the 
borderland of nature and mind, of 


this world and another, of science 
and poetry, of reality and fiction. 
Like Lotze, ho wanted the genuinely 
historical sense. Like Lotze, too, 
he reccivod from others only sug- 
gehtions which he elaborated in- 
dependently in his own original 
fashion. As little as Lotze does 
he seem ever to have attempted 
to realise and understand any other 
philosophical system than Ins oivn. 
To both, the ultimate problem was 
capable only of a subjective solu- 
tion. Cf. vol, i. p. 200. 
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the attention of philosophers to the existence of this re- 
lation in a variety of instances, and collected a large 
number of facts to prove its general correctness. He 
conceived the idea of measuring sensations by their 
accompanying stimuli, a mode of measurement based 
upon that relation which, under the name of Webers 
law or formula, he introduced as a general psycho- 
physical proposition. The intervals in the numerical 
scale, the differences m the magnitude of stars, the 
facts established by Weber relating to our estimate of 
differences of touch, of weight, and of temperature; 
lastly, the relation of fortune physique ” and “ fortune 
morale,” known to Euler and Lagrange, could all he 
utilised towards proving the general accuracy, within 
certain limits, of the psycho - physical formula. The 
work gave rise to many discussions ^ as to the mean- 
ing of the term quantity applied to psychical pheno- 
mena, as to methods of measurement, and as to the 
significance to be attached to the new branch of research 


^ In addition to the ‘ Elemente 
der PisychopUyhik ’ (IS 00), of which 
a second edition appeared in 1890, 
the author enlarged, discussed, and 
defended his special ideas and 
theories in three further ])uhlica- 
tions. The year 1877 produced ‘In 
Sac hen der Psycho pliybik,’ the year 
1882 the ‘Revi&ion derHauptpunkte 
der Psychophysik,’ and shortly be- 
fore his death (1887) thei’e ap- 
peared, in the ‘ Plulosophische 
Studieji ’ of Prof. Wundt, his last 
contribution, “ Ueber die psychi- 
schen Maawprincipien und das 
Webersche Gesetz,” which Prof, 
Wundt declares to be “ the clearest 
and most complete exposition of 
the prolileui which he gave in the 
course of the forty years during 


which he was occupied witli it.’’ 
(Seethe obituary oration, reprinted 
in Kuntze’s ‘ Biography,’ p. 860. ) 
The attacks on Fechner came from 
many quaiters. In the polemi- 
cal treatise of 1877 he notices 
how the views of his critics — 
Helmholtz, Aubert, Mach, Bern- 
stein, Plateau, Delbmuf, P>ren- 
tano, Henng, *Langer — agree as 
little among themselves as witli 
his own. He sums up with Hne 
humour : “ The tower of Babel was 
not finished, because the builders 
could not agree how to build it; 
my psycho-physical structure may 
remain standing, because the work- 
men cannot agree how to pull it 
down” (‘In Saeheii,’ &c., -p, 215). 
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as well as to the interpretation of the lYeher-Fechner 
law of psycho-physical dependence. 

We are indebted to Prof. Wnndt of Leipzig for a 
complete and exhaustive examination of the new 
province of exact science.^ He enlarged its boundaries, 


^ The p^ 3 "cliological school, ot 
which Prol. \Vundt can be con- 
sideiecl the head or centre, has been 
contrasted by M. Ribot, in his 
‘ Psychologie Allemande Contempo- 
raine ’ (1st ed , 1879), with the 
Ent'lihh school, and, in the ex- 
position in the text, 1 have taken 
vi similar view. It would, how- 
e\er, be unjmt not to note that m 
England, prior to the publication of 
Pi of Wundt’s principal writings, a 
development of psychology in the 
same direction had alieady begun. 
The principal i epie&entative of tliih 
development is Pi of. Alexandei 
Bruu (born 1818), whose two great 
works, ‘ The Souses and the Intel- 
lect ’ (1855) and ‘The Emotions 
and the Will ’ (1869), appeal ed even 
before Fechner’s ‘ Psychopbysik,’ 
and were characterised liy J. S. 
Mill as “an exposition winch de- 
sei ves to take rank as the foremost 
of its class, and as maiking the 
most advanced point which the a 
posteriori psychology has reached/’ 
being “the most genuinely scientiiic 
analytical exposition of the human 
mind which the a posteriori p,sy- 
cholugy has up till this time pro- 
duced” (‘Edinb Rev.,’ October 
1859, reprinted in ‘Dissertations 
and Discussioms,’ ■ 90 I. iii. pp. 99, 
100). Bain cairied out what had 
been called by Thomas Brown “ the 
phy.sical investigation of the mind,” 
and was probably the first English 
psychologist who enriched the older 
associational psychology by an ex- 
tensive use of the teachings of physi- 
ology ; the germ of his theory being 
contained in a passage cited by him 
from Johannes Muller : in fact, he 


appreciated the well-known dictum 
(d“ the lattei, phycholorjus nemo 
11 m physioloffits.^’ Sin >1 tly after the 
appearance ot Prof Bain’s works, 
the overmastering intiuence of the 
evolutionist school in England, 
headed by JMr Spencer and s-up- 
poitcd l»y Darwin, and the pro- 
nounced oi*positi(Ui with v^bicb the 
jisycho-ph^vsical school started in 
Geiinany, cast somewhat into the 
shade the steady develo}anont, 111 
this country, of the exact science of 
psychology by those who for mod the 
dll ect succession to the oldei , purely 
introspoclxi 0 , school of Scottish 
thinkers. As 1 am not, in the pres- 
ent chapter, treating uf ]is;vch(»Iogy 
and philosophy, hut uf the attempt 
to gam, by the methods of the 
exact sciences, a conception of the 
phenomena of animation and con- 
sciousiieHS, 1 leave for another oc- 
casion the appreciation of the 
EnglRh school of ]jsychology. The 
memhcj's of this school considered 
physiology as an aid to psychological 
research, whereas must ot the rep- 
resentatives of the modern Geiman 
scho(J were, to begin with, physi- 
ologi.sts or physicists, and only 
became sub.sequently p^ycludogishs 
or philosopher.^. Chai’acteristic of 
this scliool are two points: the 
opposition they made from the 
start to the existing methods, and 
their prominent use, not only of ob- 
servation, but of experiment, The 
less ostentatious development of 
English tiiougbt would, no doubt, 
have led in the end, but for the 
reasons given above, to like results. 
An opposition similar to that wo 
marked in Germany w^as, however, 
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Physio- 

logical 

pisycliolog; 


taking in the ground coyered by Lotze’s medical 
psychology as well as by Helmholtz’s physiology of 
hearing and seeing ; added a large number of measure- 
ments of his own, some of them quite original, such as 
those referring to the time-sense, many of them in con- 
firmation and extension of Eechner's collection of facts , 
invented new methods and new apparatus ; brought the 
whole subject into connection with general physiology, as 
also with the more exclusively introspective psychology 
of the older, notably the English and Scottish, schools ; 
and pointed to the necessary completion which these in- 
vestigations demand from the several neighbouring fields 
of research. Through his labours physiological psycho- 
logy ” as an independent science has for the first time 
become possible. The influence of his great work on 
this subject, as also of his teaching and demonstra- 
tions, has been very stimulating. With its jjlace in the 
history of philosophical thought I shall have to deal in a 
later portion of this history. At present 1 will merely 
refer to the leading ideas and contributions it contains to 
our scientific reasoning on the psyclio-physical problem. 

Wundt approached psychological research from the 
side of physiology ; ^ his earlier writings referred to the 


taken up m England in hingle in- 
stance?; — c.ff , , by G. H. Lewes and 
Hr H. Maudsley, tbe former in 
favour of Positivism, the latter on 
the foundation of his * Physiology 
and Pathology of Mind’ (1st ed., 
1867). 

^ The researches of Wundt and 
tlic earlier work of Fecluier re- 
maiae<l practically unknown in 
this country up to the time of 
tlie appearance of the periodical 
^Mind,' edited by Prof. Groom 


Robertson, in 1S76, under the 
generous patronage of Prof. Bain. 
Even Lotze ^nd Berbart were 
hardly known in this counwy. 
A similar disregard of English 
psychology existed in Germany. 
The foremost writers on the his- 
tory of modern philosophy, such as 
Erdmann and TJeberweg, wrote as 
if modern philosopbic— including 
psychological — thought existed 
only in Germany. Even the 
singularly impartial and unbiassed 
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physiology of the senses, to physiology proper, and to 
such phenomena of psychical or inner life as can be 
traced, not only in man, but also in the brute creation. 
He thus seems to have approached psychology with the 
true instinct and methods of an exact student of nature. 


In the course of years his psycho-physical studies took 
more and more the character of an experimental psycho- 
logy, and in the latest edition of his great work he 
describes it as such, maintaining that the designation of 
physiological psychology has rather a historical meaning.^ 


author of the ‘ Hihfcory of Material- 
ism,’ Albert Lange, does only scant 
justice to the labours of the Eng- 
lish school, J S. Mill being, in 
fact, the only English philosophical 
writer of the middle ot the 
century vho vva-s appreciated in 
Germany. The last twenty-five 
years have entirely altered this 
state of things, French and 
American writers such as M. 
Ribot, Prof. M'Cosh, and more 
recently Prof. James, treat im- 
partially of the rival claims of 
German and English thinkers. 
‘Mind’ has preserved its fairness 
in admitting contributions from 
opposite sides ; and latterly there 
has been started by the publishing 
house of From maun of Stuttgart, 
under the editorship of Prof. 
Falckenberg, a series of very use- 
ful monographs on recent thinkers, 
whose voluminous or scattered 
writings make it difficult to arrive 
at a comprehensive and just ap- 
preciation of the main drift of 
their doctrine. Ever since some 
provinces of philosophy wei'e con- 
quered by exact research, unity 
of plan has been to a great ex- 
tent sacrificed ; the natural science 
of mind is becoming split up into 
fragments like that of life. Prof. 
Lasswitz has given us for the 
first time a coherent account of 

VOL. II. 


Fechner’s philosophy, and although 
Prof. Wundt had already put forth 
in his ‘ System der Philosophic ’ 
(Isl ed., 1890) a statement of his 
systematic views, the monograph by 
Edmund Kdnig (1901) iR\ery help- 
ful m fixing the historical position 
of Wundt and the genesis of 
his doctrine. I refer to these 
volumes for a bibliography of 
the thinkers discussed. 

^ In the introduction to the 
‘ Physxologische Psychologie ’ (4te 
Aufl., vol. i. p. 9) Prof. Wundt 
says, “The conception of experi- 
mental psychology has been ex- 
panded beyond its original limits, 
as we now comprehend under it 
not only those parts of psychology 
which are directly accessible to 
experiment, but the whole of 
psychology ; as it makes a direct 
use of the experimental method 
wherever this is possible, and an 
indirect use in all other instances 
through applying the results gained 
in the former, and through render- 
ing internal observation more acute, 

. . . The designation of physio- 
logical psychology, which originated 
in the peculiar historical anteced- 
ents of our science, is one-sided. 

. . , The centre of gi'avity of the 
experimental method lies in this, 
that it alone makes reliable innei* 
observation possible.” 

2 K 
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Whilst his methods are exact and definite, his aim is, 
nevertheless, wide and comprehensive ; for not only is the 
animal creation studied as a valuable field for enlarged 
psycho-physical research, but also the psychology of 
infancy and of human societies (ethnical psychology) are 
drawn into the circle of a scientific psychology. At the 
same time his exposition is directed towards the totality ^ 
of the phenomena of life and mind, it l)eing his ultimate 
object to arrive at some appropriate conception of the 
whole of human existence. In this respect his scientific 
labours form a counterpart to those of naturalists like 
Humboldt and Darwin, who did so much to direct the 


attention of natural science to the whole of nature, her 
history and economy. It seems to me that Prof. Wundt 
has similarly introduced into the psycho-physical study 
of nature the prominent consideration of the mental side 
of life in its totality, starting, as Darwin and Humboldt 
did, from a large accumulation of detailed observations. 


This regard for the whole problem distinguishes 
Wundt’s writings from those of other eminent psycho- 
physicists, such as Helmholtz, who deals brilliantly and 
exhaustively with certain special problems, or Fechner, 
who relegated the discussion of the fundamental ques- 
tions to a series of half-poetical treatises, which are full 


of suggestion rather than close scientific reasoning. But 


^ " Physiolo^fcsche Psychologie ' 
(4te Aufl. , vol. I p. 2) ; “ Our science 
has accordingly the task, first, to 
investigate those vital phenomena 
which, lying in the middle between 
outer and inner experience, require 
the simultaneous application of both, 
methods of observation, outer and 
inner ; and secondly, to throw light 
from the points thus gained on the 


totality of the phenomena of life, 
and, if possible, to gain in this 
way a comprehensive conception of 
human existence.” See also his 
essay “Philosophie und Wissen- 
schaft” in a volume of ‘Essays’ 
(Leipzig, 1885), p. 1; also ‘Die 
Aufgaben der experimentellen 
Psychologie,’ ibid., p. 127, 4icc, 
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Wundt differs quite as much from Lotze, who also strove ss. 

. PI , . 1 Wundt, 

to arrive at a view of the totality of human life and its Feoimer, 

and Lotze 

significance. Lotze belonged, in spite of the original 
and independent view which he took of the psj'clio- 
physical j)i‘oblem, to the^ older school of philosophers. 

Wundt belongs quite to the modern school.^ Lechner 
forms the transition. Lotze begins his psychology, and 
even his physiology of the soul, with a lengthy disserta- 
tion on the unity of the soul as a special being, just 
as Herbart begins his psychology with metaphysics. 

This metaphysical introduction, these definitions I'elating 
to the essence of the soul, its unity, and its location, are 
absent in the modern psychology. Instead of founding 
psychology on experience, metai)hysics, and mathematics, 

Wundt founds it on experience (including experiment), 
physiology, and mathematics. In consequence of this 
altered foundation a new problem has arisen, precisely 
as a new problem arose for biologists when they dis- 
carded vital force as a meaningless and useless encum- 
brance. Lor the older biologists life was the exhibition 


^ See the preface to the fseeond 
edition of the ‘ System der Philo- 
sopliie’ (Leipzig, 1897), p. ix : “I 
have always tried to co-operate iu 
the endeavour to secure for psycho- 
logy an independent position as 
an empirical science outside of 
philosophy, and to see that she 
should not lack the support of the 
scientific method in so far as this 
could be transferred to her. . . . 
As I started from natural science 
and then came to philosophy 
through occupation with empirical 
psychology, it would have appeared 
to me impossible to philosophise 
in any other way than in corre- 
spondence with this sequence of 


the problems. But I quite well 
understand that the position may 
be different for him who begins with 
jilnlohophy and then makes occa- 
hional excursions into the regions 
of science or psychology.’’ Com- 
jiare with this what Lqt^ie says in 
the Introduction to his ‘ Streit- 
sclmften ' (1857), or the following 
passage from one of his last essays 
(‘Ooutemp. Rev.,’ January 1880), 
“Except in rare cases, a prolonged 
philosophical labour is nt^thing else 
but the attempt to justify, scientif- 
ically, a fundamental view of things 
which has been adopted in early 
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of vital force. This having been dropped, the question 
arose for modern biologyj What is life ? We thus find 
thinking biologists of the modern, exact school aiming at 
a mechanical definition of life. Many answers have been 
attempted, such as that it is the action of a very com- 
plex chemical molecule, of dynamical equilibrium, of meta- 
bolism, of a special form or organisation, &c. Similarly, 
when the word soul dropped out of psychology in its 
older metaphysical meaning as a separate bemg or entity, 
when it was used to mean only the sum-total of the 
inner or psychical phenomena, a new problem arose for 
the psycho-physicist or experimental psychologist. The 
problem now was to give some definition of the unity 
and unified totality of all inner or mental phenomena. 
The older metaphysical psychology, as also for the most 
part the so-called empirical psychology, answered this 
question by placing the conception of an independent 
entity, the soul, person, or self, at the opening of their 
discussions. Modern exact psychology cannot do this. 
For it the unity of the inner life and its unified totality 
has, become a problem. This problem Prof. Wundt faces 
8*. fully and fairly. He asks himself the question, Wherein 
«’us"!out°* consists the unity of consciousness, wherein the totality 
of all mental life, individual and collective ? Armed 
with the methods of exact research, he tries to extract 
from the whole array of mental phenomena an idea of 
their essence as distinguished from external or natural 
phenomena, and of their collective meaning and signif- 
icance. In so doing he enters the domain of philosophy, 
and his results belong to the realm of philosophical 
thought. When dealing with that large section of my 
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subject I shall have to take up Wundt's theories where 
I now leave them. 

Through the efforts and widespread intluence of I'rof. 
Wundt, the inner or psj^chical phenomena have been 
drawn into the circle of exact research ; a large portion 
of psychology has become natural science. It is quite 
consistent with this that some of the disciples of the 
modern school should have assumed towards the new 
branch of natural science the attitude which has be- 
come habitual among those who cultivate other natural 
sciences. All these sciences are based upon observation, 
aided if possible by experiment: none of them, however, 
has succeeded in rising to the rank of an exact science 
without the aid of some generalisation which admitted 
of clear expression in a few definite conceptions, l^eing 
the more valuable in the degree that it lent itself to 
a clothing of mathematical language. In the course of 
the last centuries, notably the nineteenth, several of 
these fundamental principles — such as the laws of 
motion, gravitation, atomism, vibratory motion, the con- 
ception of energy, natural selection, metabolism — have 
attained in various degrees, some almost perfectly, to 
this state of definiteness, and the sciences built up 
by their aid have accordingly acquired the character 
of certainty. ^ Psycho -physics having through Weber, 
Lotze, Pecliner, and Wundt gradually evolved the notion 
of a partial parallelism of physical and psychical pheno- 
mena, the conception of a mathematical dependence or 
of function could he iutrodixced between the measur- 
able external processes and the hidden internal events 
which we term mental; the whole of the latter being 
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looked upon as concomitant occurrences, as ‘ Begleit- 
erseheinungeii or ‘‘ Epi-i)henomena ” of the more ac- 
cessible though very complex phenomena of the nervous 
system and its centres ; whereby it had to be noted, 
that whilst the external visible processes exhibit that 
continuity in time and space which is characteristic of 
all physical phenomena, the epi-pheiiomena were subject 
to discontinuous appearance and disappearance, to sadden 
growth and collapse. Having got hold of this partial 
formula, which in some cases admits even of a rigorous 
mathematical expression, psjmho-physics had no piessiiig 
need of investigating its meaning any further, or of in- 
quiring into the supposed independent existence or signif- 
icance of the “ epi-phenomena ” as such ; similar general 
inquiries into the origin of gravitation, of atoms, of the 
essence of energy or inertia, having proved to be of little 
or no use in furthering astronomy, chemistry, thermo- 
dynamics. It cannot be denied that this is a perfectly 
tenable scientific attitude. Such an attitude has notably 
been taken up by Dr Hugo Munsterberg, and by what 
we may term the Freiburg school of psycho -physics. 
Also there is no doubt that through a series of very 
cleverly contrived experiments — particularly those re- 
ferring to the muscular sense and the time sense a 
good deal of light has been thrown upon such mental 
processes as association of ideas, attention, apperception, 
and voluntary effort, which have thus been bx’ought 
into closer correspondence with changes taking place in 
35. the nervous system. In fact, a parallelism of neurosis 
and of psychosis has been more and more established. 

This doctrine of psycho - physical parellelism, also 
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called the conscious automaton theory, is the central 
conception in psychology as a natural science, or, as 
I have termed it, of the psycho - physical view of 
nature. It was prepared ^ by earlier thinkers, such as 
Descartes, and, in a different form, by Spinoza,^ and by 
Leibniz’s doctrine of pre-established harmony.^ It has 
been strengthened by the physiological theory of reflex 
actioji,;^ and, independently, by psycho-physics in the 
narrower sense of the word, as founded by Weber and 
Fechner. But the possibilities of the automaton theory 
were not scientifically tested till towards the end of 
the nineteenth century. In this country, two thinkers 


^ The dufti me of psycho- physical 
paialleham and its historical genesis 
is given by Huxley in his address 
before the British Association Meet- 
ing at Belfast in 1874, “On the 
Hypothesis that Animals are Auto- 
mata, and its History,” in which he 
goes back to Descartes and Charles 
Bonnet. A good account of the 
theory is also given by Prof. Wrn. 
James in the ijth chapter of his 
‘ Principles of Psychology ’ ; and it 
is fully discussed by Prof. Jame.s 
Ward 111 his Gifford lectures, 
‘ Naturalism and Agnosticism,’ vol. 
ii. pt. iii. 

The passage from SpinoKa which 
is constantly quoted, and, as Prof. 
Ward says, usually in ignorance of 
the context, is in ‘ Ethioa,’ part ii. 
prop. 7 ; “ Ordo et connexio ide- 
arum idem est ac o^'do et connexio 
rerum,” 

•* Leibnis;, a.^ Huxley {loc, cU ) 
tells us, also invented the term 
“automate spirituel” and applied 
it to man. 

f Du Boi.s - Reymond, in his 
“ Elogo ” of Johannes Miiller, has 
shown that the principle of reflex 
action dates back to Descartes, 
who also introduced the term re- 


flex. Next in time came Willis 
(‘J)e motu musculari,’ Amsterdam, 
it) 8 2). The subject seems to have 
been overlooked to such an extent, 
that Prochaska (1784) got foi a 
long time the credit of having 
established the notion of reflex 
action, and even his work had to 
be rediscovered by Eduard Weber 
(1846), after the principle of the 
transition of a reaction from the 
afferent to the efferent nerve.s in 
the central oigaiis had been prom- 
inently put forward by Legallois 
(1811), Marshall Hall (1835), and 
Johannes Muller (1835). In more 
recent times, Prof. Pflnger’s “ Laws 
of Keflex Action,” and his and G, 
H, Lewes’s theory of the x^re-^ence 
of consciousness in the spinal cord, 
have formed the subject of much 
discussion and much experimental 
work, A good historical account 
will be found in the 13th Le^on 
of M. Ch. Kichet’s ‘Fhysiologie 
des Muscles et des Nerfs’ (Paris, 
1882), and a discufi.sion of the whole 
subject in Prof. Wundt’s ‘Physi- 
ologisohe Psychologie,’ ch. xxi., 
where especially the difference be- 
tween automatic and reflex move- 
ment is brought out. 
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of eminence, Huxley and Clifford,^ have made the theory 
accessible to the popular understanding, without, however, 
taking a comprehensive view of the study of mental 
phenomena, inasmuch as they approached the subject 
from the side of natural science — the former more from 
that of physiology, the latter from that of the mechanical 
sciences. Prof. Wundt treats the subject exhaustively 
in many passages of his works, notably in the last 
chapter of his great work on ‘ Physiological Psychology,’ 
in which he broadly defines “ the psycho-}>hysical view 
as that view which starts from the empirically well- 
established thesis, that nothing takes place in our con- 
sciousness which does not find its foundation in definite 
physical processes. The simple sensathm, the connection 


^ Although neither Huxley nor 
Clitiord added anything new to the 
conception of parallelism as con- 
tained XU the writings of many ear- 
lier Continental philosophei s, the 
fact that they were driven from 
their purely scientific positions to 
discuss the subject, and weie not 
psychologists and metaphysicians 
by profession, gave their exposi- 
tionis, which are otherwise us fresh 
as they are iniinature, a peculiar 
charm. Being both masters in 
style, they at once enriched the 
vocabulary with new terms i\hicli 
have toiace become classic. The 
word “ epi-phenomenon,” an equiv- 
alent for the German ‘ Begleit- 
eri^cheinung,’ which is of independ- 
ent origin hut expresses Huxley’s 
view, is a real enrichment of 
thought. It is also the direct 
way to bring home the absurdity 
of the whole theory. The things 
of nature being first considered 
as phenomena” — i.e., as “ap- 
pearing” to some one, — the some 
one is next looked upon as a 
secondary phenomenoUj an epi- 


phenomenon. Chiford actually in 
his psychological atomism goes the 
length of saying, “Reason, in- 
telligence, and volition are pro- 
perties of a complex which is made 
up of element.^, themselves not 
rational, not intelligent, not con- 
scious” (see ‘Mind,’ vol. hi. p. 67). 
In the physical theory of atoms it 
has been truly said that you cannot 
get anything out of the atoms that 
you have not, to begin with, put into 
them. Chtiurd’ft dictum leminde 
one of Carlyle’s definition of the 
object of political economy, which 
has to solve the problem, “Given 
a community consisting of fools and 
knaves, how to jirocluce efficiency 
and honesty Uy their combined 
action ” Clifford’s solution of the 
psychological deadlock is the “IMind- 
btuff” theory, the theoiy that all 
matter is the phenomenal correlate 
of the elements of mind. Clif- 
ford’s essay “On the Nature of 
Things in themselves ” is reprinted 
in ‘Lectures and Essays’ (1879), 
vol. ii. p. 71 
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of sensations and percex^tions, their associations, tinaliy, 
the processes of api)ei*ception and volition, are accom- 
panied by physiological nerve-processes. Other bodily 
processes, such as the simple and complex reflex actions, 
do not enter directly into consciousness, but they 
form important auxiliary processes of the phenomena of 
consciousness.^ It is, accordingly, quite consistent, 
from a purely scientific point of view, to test this 
central conception of exact psychology, and to refrain 
from introducing any purely psychical conceptions so 
long as the possibilities of the conception, that mental 
phenomena are only concomitant occurrences of changes 
which take place in the nervous system and centres, 
have not been exhausted. Investigations, with or 
without this definite purpose, have been very largely 
prosecuted in the course of the nineteenth centui}% and 
have been in part purely anatomical, in i)art physio- 
logical, the latter again either referring to paiholugical 
or to normal cases. Systematic courses of experiments 
have, been begun at Leipzig and taken up, according to 
a well-defined special imogramme, by Dr Miinsterberg at 
Freiburg, who in the researches of his laboratory has, 
more distinctly than any other philosopher, adopted the 
theory as a working hypothesis.^ 

‘ FhyHiologipieheRs 3 ^ch«)logie’ (4 GeHellscliaft fur Psych ologisch® 
Auft.), vul. ii. p. 644. Forbchung,’ 1891. The^e writxng‘S 

The principal writings of Dr although starting from the position 
Miinsterberg, in which liis pHycho- prepai'ed by the Leipzig school of 
physical researches are contained, psycho-physical research, are largely 
are: 1, ‘Die Willenshandlung,’ polemical, and directed against 
Freiburg, 1888; 2, ‘Beitrage zur some of Prof. Wundt’s principal 
Experimentellen Psychologic,’ 4 theories. 1'’hey have received a 
parts, 1889-92 ; 3, ‘ Ueber A ufgaben considerable amount of attention 
und Metboden der Psychologic,’ in Germany and America and iu 
being part 2 of the ‘ Schriften der this country, and also a good deal 
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It can hardly be said that this course of study has 
done more than make a start, and even those who are 
inclined to consider it a very one-sided attempt are 
bound to admit that it has a promising future. Thus 
Prof. "Win. James, whose ‘ Principles of Psychology ' treat 
of the subject from many and very different points of 
view, refers to these experiments in a characteristic 
passage as follows : “ Within a few years, what one 
may call a microscopic psychology has arisen in Germany, 
carried on by experimental methods, asking of course 
every moment for introspective data, but eliminating 
their uncertainty by operating on a large scale and taking 
statistical means. . . . Their success has brought into 
the field an array of experimental psychologists, bent on 
studying the elements of mental life, dissecting them 
out from the gross results in which they are embedded, 
and, as far as possible, reducing them to quantitative 
scales, . . . The mind must submit to a regular siege, in 
which minute advantages, gained night and day by the 


of opposition. The late editor of 
* Mind,’ Prof. Groom llobertson, 
reported pretty fully upon Muuster- 
berg’s work in the 15t]i volume 
of the first series of ‘Mind,’ and 
drew especial attention to the 
confirmation which certain views 
contained in the writings of the 
British Associationisb school have 
received through Dr Miinsterberg’s 
expositions. Prof, E. B. Tiichener 
criticised Dr Muusterberg’a ex- 
periments and theorie.s somewhat 
severely in the 16th volume of the 
first series of p, 521 sqq. 

As the subject is still under dis- 
cussion, and as in more recent writ- 
ings of Dr Mimsterberg, who is now 
professor at Harvard University, 
his studies have shown quite a 


different side from that exhibited 
by the above-named earlier writ- 
ings, it is impossible in this history 
to do more than refer to them 
as marking a distinct phase in 
modern psycho - physical thought. 
It does not appear that Prof. 
"Wundt agrees with much of the 
outcome of the important move- 
ment he originated ; see his article 
in ‘ Philosophische Studien,’ vol. vi, 
p 882, and a very valuable papei by 
Prof. J. Ward ( ‘ Mind, ’ 2nd series, 
vol, ii. p, 54 entitled “Modern 
psychology : a Reflexion, ” As the>-e 
discussions refer more to the philo- 
sophical value than to the purely 
scientific aspect of psycho-physics, 
they would lead us beyond the 
regions of purely scientific thought. 
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forces that hem her m, resolve themselves at last into 
her overthrow. There is little of the grand style about 
these new prism, pendulum, and chronograph philo- 
sophers. They mean business, not chivalry. What 
generous divination and that superiority in virtue which 
was thought by Cicero to give a man the best insight 
into nature have failed to do, their spying and scraping, 
their deadly tenacity and almost diabolical cunning, will 
doubtless some day bring about. . . . The experimental 
method has quite changed the face of the science, so far 
as the latter is a record of the mere work done.’’ 

It is, however, only fair to remark that it has never 
been the object of any science, and can, therefore, no 
more be the object of exact psychology, to deal with 
everything at once, and that psycho-physical science has 
quite as much right to postpone the question, What is 
mind ? ^ as biological science has had to postpone, or 
even to eliminate, the question, What is life ? But this 
comparison reveals also the essential difference between 
the exact science of life and the exact science of mind. 
Of life we know only through the observation of living 
beings, but of mind we have not only the apparent 
knowledge of its unity, which introspection forces upon 


^ ‘'Sensation, Retentiveneas, As- 
sociation by Contigniky, — these are 
to be our ultimate and sufficient 
psychological conceptions : the 
facts of feeling and conation are 
resolved into facts of sensation ; 
and all mind-processes held to be 
not merely conditioned, but ex- 
plained by brain-processes, which 
they accompany as epi-phenomena 
or * Begleit-erseheinungen.' It is 
not so long since the world was 


shocked at Lange's mot about a psy- 
I chology without a soul, but the 
‘ modern ’ psychology is a psychol- 
ogy without even consciousness. 
* Content of consciousness ’ as much 
as you like, but consciousness itself, 
consciousness as activity, is not our 
afjfhir; we leave that to metaphy- 
sics, say -our ‘modern’ teachers.” 
(Prof. J. Ward, on “Modern Psy- 
chology,” ‘ Mind,’ 2ncl series, vol, li. 
p. 55). 
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iis, but we have also a large array of external facts which 
have been appropriately defined by the term the ob- 
jective mind/’ There are, in fact, two propierties with 
which we are familiar through common-sense and ordin- 
ary reflection as belonging specially to the phenomena 
of our inner self-conscious life, to the so-called ‘‘ epi- 
phenomena” of the higher organic or nervous systems, 
and these properties seem to lie quite beyond the sphere 
and the possibilities of the ordinary methods of exact 

_ 37. research. The first of these properties is the peculiar 

Plieiiomonon -l x 

unity exhibited liy the higher forms of organic existence, 
and still more evident in the phenomena of mental or 
inner life. Instead of unity, it might perhaps be better 
to call it centralisation. Now, the more we apply mathe- 
matical methods, the more we become aware of the im- 
possilfility of ever arriving at a comprehensive unity l)y 
adding units or elements together. The sum of atoms or 
molecules, however artfully put together, never exhibits 
to our reasoning that appearance of concentration which 
the higher oi-ganisms or our conscious self seem to exhilnt. 
In this circumstance lies the difficulty of ever arriving at 
any i-eally satisfactory definition of life — which definition 
eminent physiologists have, as wo have seen, felt com- 
pelled ultimately to relegate to the realm of the idea. 
In the last chapter I showed how niod^ern research into 
the phenomena of life has impressed upon our thoughts 
the ubiquity, the continuity, and the unique character or 
singularity of life, without being able to fix upon any one 
satisfactory mechanical definition of life. But as we 
ascend in the scale of living things we become aware of 
another property : they are centred — ix,, they exhibit a 
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special kind of unity which cannot he defined, a unity 
which, even when apparently lost in the periods of un- 
consciousness, is able to re-establish itself by the wondei- 
fiil and indefinable property called “ memory ” — a centre 
which can only be very imperfectly localised — a together 
which is more than a mathematical sum ; in fact, we rise 
to the conception of individuality — that which cannot 
be divided and put together again out of its paj'ts. 

The second property is still more remarkable The 
world of tlie epi-phenomena,” of the inner processes 
which accompany the highest forms of nervous develop- 
ments in human beings, is capable of unlimited growth , 
and it is capable of this by a process of becoming ex- 
ternal : it becomes external, and, as it were, perpetuates 

. 1 « . 1 T • I . 1 Eviernftlisa- 

itself 111 language, literature, science and art, legislation, tiouaiHi 
society, and the like. We have no analogue of this in 
physical nature, where matter and energy are constant 
quantities, and where the growth and multiplication of 
living matter is merely a conversion of existing matter 
and energy into special altered forms without increase or 
decrease in quantity. But the quantity of the inner 
thing is continually on the increase ; in fact, this increase 
is the only thing of interest in the whole world, 

Now, no exact scientific treatment of the phenomena 
of mind and hod^^ no psycho-physical view of nature, is 
complete or satisfactory which passes by and leaves un- 
defined these two remarkable properties of the inner life, 
of the epi-phenomena of nervous action, of consciousness, 

And it seems to me that Prof. Wundt is the only psycho- w. 

, . . , . „ . , Wimdt’6 

physicist who, starting from science and trying to pene- 
trate by scientific methods into the inner or psychic 
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world, has treated the subject comprehensively, and fairly 
and fully tried to grapple with these two facts peculiar 
to the inner world — its centralised unity and its capacity 
of unlimited growth through a process of externalisatioii. 
He has done so by his philosophical theory of ap- 
perception and will/' and of the “growth of mental 
values," two conceptions which lead us into the realm 
of philosophical thought.^ 

But, before closing this chapter, which deals with the 
study of the phenomena of an inner life and the inter- 
action of body and mind by the methods of exact research, 
it is well to note that long before psychology existed as 
a natural science, a large amount of knowledge had been 
accumulated by a different method. Especially in this 
country — ever since the time of Locke — there has existed 
a very large and influential school of thinkers who studied 
the inner phenomena by what has been appropriately 
termed the inner sense; every observer recording his 
own inner experience and leaving it to others, by doing 
the same, to confirm or correct his statements. Psy- 
chology, carried on through self-observation or by the 


^ It would serve no good pur- 
pose to string together a list of 
quotations trom Prof. Wundt’s 
voluminous writings in which these 
two central ideas of his philosophy 
find expression, especially as there 
is no one passage to be found in 
which his highest abstractions and 
final conclusions find an adequate 
expression, still less one which could 
be conveniently rendered in the 
English language. Kbnig has, it 
seems to me, done much to make 
Wundt’s view more easily under- 
stood, and I must content myself 
at present with referring to his little 


volume, notably to the extracts 
given on pp. 134, 141, and 167, 
which explain more clearly the 
theory of apperception and will. 
On the theory of the “growth 
of mental v^ues,” see especially 
Wundt, ‘System der Philosophy’ 
(2 Autl., pp. 307, 596), “Mental 
life is, extensively and intensively, 
governed by a law of growth of 
values: extensively, inasmuch as the 
multiplicity of mental developments 
is always on the increase ; inten- 
sively, inasmudli as the values 
which appear in these develop- 
ments increase in degree ” (p, 304). 
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introspective method, had grown to large dimensions in 4o. 

lntrosi"»ec« 

Scotland and in England, long before Her bart andBeneke tivemetima. 
in Cxermany gave it a similar direction. In fact, most 
of the writings of the introspective school in Germany, 
which dates from the middle of the century, is con- 
cerned with the material accumulated by British psycho- 
logists. And even the psycho - physical method itself 
would carry us only a little way if its results and obser- 
vations could not continually be checked, supplemented, 
and interpreted by what we already know by introspec- 
tion. One of the foremost representatives of the Eng- 
lish school of psychology lias said, and many will agree 
with him,^ in our desire to know ourselves — to frame 
some conception of the flow of our feelings and thoughts 
— we work at first by introspection purely ; and if at a 
later stage we find means of extending and improving 
our knowledge, introspection is still our main resort — 
the Alpha and Omega of psychological inquiry : it is alone 
supreme, everything else subsidiary. Its compass is ten 
times all the other methods put together, and fifty times 
the utmost range of psycho-physics alone.'' 

A history of Thought must accordingly contain some 
account of the view which our century has taken of the 
introspective method and the value of the inner sense as 

a means of enlarging our knowledge/^ This discussion 

• 

^ See Prof. Bain’a essay in ‘ Mind,* states, has been not only to develop 
2nd series, voL ii. p. 42 : “ The a clearer view of physiological psy- 
respective Spheres and mutual chology, but also to define more 
Helps of Introspection and Psy- clearly the object of psychology 
chO"physical Experiment in Psy- proper — that is, of the science 
chology,” which deals with the facts revealed 

- One result of the modern psycho- by introspection. When, in the 
physical view, or of the doctrine of middle of the century, the physiol- 
parallelism of physical and mental ogy of the senses attracted the 
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will, in a future volume, form one of the appropriate 
links which join science to philosophy — which lead us 
on from exact to speculative thought. At present I have 
to refer to another and very extensive field of research, 
into which the natural as well as the speculative 
philosopher have been led from opposite sides, and which 
especially affords a hopeful prospect for an enlargement 
of the psycho-physical view of nature. If the natural 
philosopher cannot consistently and fairly enter into the 
mysteries of an inner consciousness from which his 
opponent — the speculative philosopher — starts, he may 
perhaps do so by a roundabout way or a side- door. 

As I stated above, the inner world, the psychosis, 
which intermittently accompanies the neurosis, the epi- 


atteiition of psychologists in all the 
tlnee countries, it became custom- 
ary to introduce purely psycholog- 
ical treatises by an exposition of 
the paycliO'physical relations, in- 
troducing into psychology chapters 
from physiology. The consequence 
of this has been that modern \\orks 
on psychology hare grown to in- 
ordinate length, and frequently 
exhibit a dual aspect and method. 
Quite recently it has therefore been 
insisted on that psychology can 
be written either from the physio- 
logical or from the purely psycho- 
logical point of view. A good 
example of the latter is Frof. G. 
F. Stout’s ‘Analytic Psychology’ 
(2 vols., 1896). “ Physiological re- 
sults,” he says (vol. i. p, 37), “ are 
likely to be valuable only in pro- 
portion as they are controlled and 
criticised by psychological analysis. 
This holds good apart from con- 
sideration of such metaphysical 
questions as whether the brain- 
process is the sole real agency, and 
consciousness a mere function, or 
consequence, or epi - phenomenon ; 


or whether consciousness is the 
reality of which the correlated ' 
brain-process is a phenomenon, or 
whether they are two aspects of 
the same fact. Whatever may be 
our attitude to such questions, the 
psychologist has still his own work 
to do on his own lines , and for the 
sake of physiology itself, so far as 
it entertains the hope of throwing 
light on the mechanism of brain- 
processes, he must attempt to do 
it. It is idle to require psychol- 
ogy to wait for the progress of 
physiology. Such a demand is 
logically parallel to a demand that 
history or biography, or the prac- 
tical estimate of character and 
anticipation iof men’s actions in 
ordinary life, shall come to a stand- 
still until they have a sufficient 
physiiilogical basis. On this view, 
Carlyle should have abstained 
from wnting his ‘French Revol- 
ution,’ because he did not know 
what precise configuration and 
motion of brain particles deter- 
mined the actions of the mob who 
stormed the Bastille.” 
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piieiioiiienou which lies on tlie other side of the phe> 
iiuiuenoii, IS not only characterised by a peculiar unity or 
eeotred connectedness which we look for in vain in the 
external and idivsieal wuild. it has also become external 41. 

The ‘‘oUjeu!- 

01* objective, it has detached itself from the subjective tivcminu.' 
and hidden source from which it sprang, and can be 
studied i\H such in tlie great creations of language, litera- 
ture, sueiety, science, art, and religion. Why not study 
its nature and its life in these great ami iindenial)le 
inanifestalions, and instead of beginning at the hidden 
soun',e, the unknown and indefinable centre, try to reach 
this by beginning at the perijdiery, measuring out the 
grciit circle and learning what it contaims r' 

Ancient ])hilosophy, which found its consummation in 
tlie writings of Aristotle, had already begun this work, 
ami, in establishing the rules of grammar and logic, had 
furnished the material for many modern speculations. 

What tlie ancients had only begun, modern thinkers of 
the most O])])osito schools have lieen induced to continue 
<m more metlmdical linos, and with the more or less 
<listinet ol>ject of learning something delinite regarding 
that mental life and unity which they have, with lit-lle 
sufjcess, tried long enough to reach ly various direct 
roads, such as introspection, speculation, physiological 
and ])sycliu-ph^\sical experiment. Accordingly we tind 
springing up almost simultaneously in the three coun- 
tries, es^er since tlie latter part of the eighteenth century, 
the study of mankind or of huniau culture in all its 
Insiurical forms. Hume and Adam Smith, Mnntescpiieu, 
and tlui French physiocrats, studied society and the great 
faliric of industry and comuieroe; Cabanis and the ** Ideo- 
YOU u. 2 h 
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logues pointed to the importance of the philosoj)hieal 
study of language and grammar ; the idealistic school in 
G-ermaiiy ended by leading to the study of the objective 
mind in history, art, and philosophy; the school of 
Herbart in Waitz, Lazarus, and Steinthal led into 
“ Volkerpsychologie and “ Sprachwissenschaft ” ; and it 
is well known how in our days the synthetic philosophy 
of Mr Herbert Spencer in England has entered on the 
study of sociology on the large scale. We hear on all 
sides of natural histories of mankind, of society, of re- 
ligion, &e., and they appear either in the modest attire of 
the other and older natural histories which we have been 
accustomed to, preparing the ground by patient and 
unbiassed collection of facts, or they attach themselves 
to certain philosophical theories, such as are furnished by 
the dialectics of Hegel, or by the evolutionary doctrine 
of Darwin and Spencer, in connection with which we shall 
meet them in a futui'e section of this work. For it has 
been found here, as it had been in the older natural 
histories, that the accumulation of facts and materials 
was of little use unless some leading idea was at 
hand by which it' became possible to regulate and 
arrange them. 

Thus we see how the psycho-physical problem — the 
question of the interaction of mind and bj^dy, of soul and 
nature, of the inner and the outer worlds — is being 
attacked from two entirely different sides, — from the 
side of the individual and from that of the collective 
life of the human being : the mental principle is being 
studied in its inner and hidden existence as the unifying 
and centralising factor of individual life, or in its ex- 
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ternal manifestations in history, societ}”, science, art, 
industry, and religion, — in fact, in the histoiy of culture 
and civilisation. If Bishop lierkolev has, with some 
propriety, been called the historical starting-point ’’ of 
psycho-physical investigation of the iirst kind, the im- 
portance of that of the secoml and wider kind is 
nowhere more clearly and definitely expi'essed than — 
over a century ago — in the writings of Joliann Gott- 
fried Herder.^ Ilis influence in Ihis direction was very 


^ The mlluence of HciOer (1744- 
1803) on Cenuan literatTire .uid 
thought was acknowledged by 
his contcnipor.u'ies, as is testilie^l 
by the fi'e<iut‘nt references lo him 
ill the biogi.iphies of nearly all (he 
eminent men who HveU at the end 
of the eighteenth and thf‘ hegiuniiig 
of the nineteenth centuries, as also 
in the voluminous coi respondeiice 
which he earned on wit.h many 
eminent ooulcmporariew. Had it 
not Iteen for the overpowering and 
on<* sided influence which the crifci- 
cul, and, later, the transcendenUd, 
schools of thought gained, not- 
ably at tli<i (ierman universities, 
Herder’s id(‘aH would have been 
more generally acknowledged as 
forming, to a very great extent, 
the starting-point of many Hues of 
research which were not exrdus- 
ively controlled by the ruling 
philosophies, and which gradually 
and imperceptibly united at a later 
date to form the more niodern 
current of Oeitijan ihfmght.. 
Herder was much tnore allied 
with the historical fitudics refer- 
ring alike to nature, literature, 
anil culture, than with the critical 
and metaphysical systems, heing 
also well ucfiuainted with con- 
temporary English thought, as, 
inter uUiii with the curious writ- 
ings of i.)ord iMoubochhi. Tiirough 
>f{ulame de who was in- 


timate with Hoi’df‘ 1 % hift viithigs 
were eail} known in Frame, 
wheieas (kiriy](‘\ studies in 
Heiinan lil,er.ilure, thouirh most 
valuable and ongui.d in their 
way «lo not giv<' that ]»‘nmineiioe 
to Herder's writings whieh they 
deserve In more M*cent times, 
afU,*r the indefatigable Hunt/er, 
through the publication of his 
corre-'poudence, h.id done much 
to revive the inticrei-t in Her- 
der, full jusfii'c lias been done 
t<» his great inent by Kndtdf 
! Ifaym, wht»se great work, ‘Herder 
; modi seinem Lelieu und seinen 
j Werken ’ (2 vfds., Iku'liu, 
in a perb'ct mine of mrorma- 
tiiuj. The side of Herders intiu- 
eneo whieh is not sufteiently 
dwelt on by Hnym, but whieh in- 
teresU UM nmnl/ at ]n*<*fv«nt,-"-what 
wy may call his an Lhrojw ‘logical 
yimv,-—}md already been exhau«t- 
ivcly dealt with by 1>r Hednrich 
Boelumy in his little - known 
* Geschichte der Entwiekelnng <ler 
Nat wrwisHcnschaft lichen Weltan- 
schauung in Deutschland ’ (notha, 
1872), who especially draws at- 
tention to thftpHycho- physical ideas 
of Hm'tlcr. It has been truly said 
that thew is hardly any modern 
idea which has found widcHpread 
application that cannot be traced 
in the wrltingH of Herder ; hut 
Herder had no method, having 


ij. 

Its study 
jirepaied b 
llurdpr. 
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great, and would have been greater had he not lived at 
a time when the study of the human mind by the purely 
introspective or speculative methods had absorbed all 
philosophical interest in England and Germany. His 
opposition to the (abstract) subjective philosophy of 
Kant and Fichte made him unpopular; he was only 
half understood at the time ; and only towards the end 
of our century have his ideas been recognised as con- 
taining the clear conception of psycho-physics on the 
large scale — i.e., of the natural history of humanity, the 
genesis and evolution of the objective mind. 

Herder was a pupil of Kant during his pre-critical 
period. He was still more influenced by great 
naturalists like Haller, Euffon, Camper, Summering, 
Forster, and Blumenbach, who through physiology, com- 
parative anatomy, and ethnology, attempted to bring the 
study of the human race and its mental development into 
connection with that of the brute creation, of the 
surrounding plant-life, of the characteristics of climate 
and soil, and of the great natural features of sky and 
landscape. He did not believe that we could study 
the great forces of nature and mmd from inside or in 
the abstract — he desired to follow Haller’s physiology, to 
complete and continue it into psychology. Irritability,^ 


characteristically maintained that 
method i& frequently only a con- 
vention, and he was deficient in 
critical acumen. The German mind 
had to go through the severe dis- 
cipline of the school of mathemati- 
cal and critical thought, and to 
auia.''S an enormous volume of ex- 
perimental and historical know- 
ledge, bef 01 e the brilliant conception 
of Herder in his great work ‘ Ideen 


zur Getschich tender Menschheit ’ (4 
pts., 1784-87) could be partially re- 
alised by A. von Humboldt in his 
‘ Kosmos ’ (1841 -59), and by Lotze 
in his ‘ Microcosmus ^ (1856-64). 
See especially the preface to the 
latter. 

See above, p, 471, on a similar 
development of Haller’s teaching 
through Cabanis in France some- 
what later in time. 
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the highest physical phenoiiicnon of liuilter, was di he 
the starting-point of this psychology. Iii an early 
essay on understainling and sensation (1778) he winte : 
“According to iny tiuiiking there is no psyehulogy 
possible which is not at every step definite physiology. 
Haller’s physiological work once raised to psycliology, 
and, like Pygmalion’s statue, enlivened with inmd, we 
shall bo able to say something about Thought nnd 
Sensation.” ^ 


Put this ])syclio-physiological view was not limited u* 
the study of the individual: it widened out and em- 
braced the wliole of mankiiul; nature on a ]arg»‘ scale 
had to be oliscrved ; historical records had to be collected 
on all sides ; origins liad to be studied juid ilio elementary 
forces followed up in the begiunings of po(itry, art, and 
religion. Materials were gathered every whtnv iVom his- 
torians, chroniclers, travellers, i>rinutive records, and the 
“voices of the peoples,” All this was to furnish the 
materials for a “History of ifuaikind.” ‘An many 


^ ‘*Vura Erkeinicii und Euip* 
linden der inenschlichen Seele 
(177S), in the 9th vnl. ot’ the 
Workri ( d‘ n erder ( ‘ A 1 diud Imijj; 
y-ur Chhortophio und Gchchidite.’ 
1828). To give an idea (d' f ferder’M 
anticipation modern viowh, m* 
p. 10: ^‘We caTinot penetrate 
deeper into the' genesis <>t‘ soima' 
tion than to tiie XJiuarkaljIe jilien- 
ornetion called by Haller *lleiy.' 
The irritated iihr<‘ cmi tracts ami 
•expands again ; perhaps a ‘Htamen,’ 
the lirst growing sparklet {>f Hensa* 
tion, towards which dead matter 
has purihed itself by many Hk^pn 
and stages of mechanism ami or- 
ganisation,’* Many passages eonld 
bes quoted from Herder's *Ideeu/ 
icc., and other writings, antieiijatmg 


niodr-i'n Dariviniau idea^, such a- 
timse of the struggh* for esibiemir^, 
und even of aut.orna(i<t^^eleeUf)n. See 
IV<»L th Sully’s a}q»reciHtive article 
on Herder in tla^ * Brit,' 

(hth ed.), and ntjlahly Kr, von 
liiirenhach, ‘ Herder ids Vurguiiger 
iJarwin’s* (Berlin, 1877). 'Haym 
( ‘Herder,’ voh ii. ]>. 209) ohjeets to 
this extrenuf! view of Herder us a 
forerunner of Darwin an the ground 
that, Htyording to the farmer, no 
animal in its development ever for- 
sook that adjustment of organic 
forces peculiar to it,, nature having 
kept oaeh being within the. limits 
of its type. Aceorilingly* Hei*der s 
evolntimjimn would he more akin t<) 
that of K. E. von Baer Hum to 
that of Darwin and Haeckel. 



534 


SCIENTIFIC THOXJCHT* 


43 - 

IS ^History 
Mankind ‘ 


44 . 

jaratlon 
natural 
I mental 
ences. 


parts,” he says/ “my book shows that one cannot as 
yet write a philosophy of human history, but that per- 
haps one may write it at the end of our century or 
of our chiliad.” 

And indeed the whole of our own century has been 
busy in carrying out this prophetic programme of 
Herder’s, consciously as planned by him in Germany — 
unconsciously and independently in other countries. As 
a counterpart to the introspective labours of Kant and 
their followers, a large array of naturalists, historians, 
philologists, and ethnologists have in the spirit of Herder 
ransacked every corner of the globe and every monument 
of history with the distinct object of tracing there the 
physical basis and the workings of that inner and hidden 
principle which we call the human mind. In doing this, 
they or their numerous followers, who belonged to a 
generation which knew not Herder, have strayed far away 
from the common starting-point, and have frequently lost 
themselves in the bewildering details of special research. 
Above all, in the country to which Herder belonged, a 
separation set in early in the century between what have 
been termed the natural and the mental sciences. The 
former came more and more under the sway of the 
mathematical spirit, wliich, as I showed in an earlier 
chapter, turned the eyes of its votaries away from their 
own national scientific literature to that of their neigh- 
bours — first to France, latterly to England. The mental 
sciences, on the other hand,^ — history, philology, the social 
sciences, — came under the influence of exactly those phil- 
osophical ideas which Herder never understood nor assimi- 
^ See the preface to the first part of the * Ideew,’ 1784. 
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lated : ^ the critical spirit of Kant, and the constructive 
canons of his successors, each of these distinct and separate 
movements, supplied exactly what was wanting in the 
prophetic, not to say dithyrambic, utterances of Herder ; 
they supplied coherence and method. Earlier chapters 
of this book ha\^e shown how the mathematical spirit 
has permeated and revolutionised the natural sciences^ 
and latterly how it has, in the science of psycho-physics, 
led philosopliers back to the problem which Herder had 
adumbrated at the end of the previous century. A 
second large department of my task will consist in 
sliowing how what in Germany arc called the mental 
sciences have been developed independently of the 
natural sciences, how the study of the mind as such — 


^ During the Utter pa.rt of hih 
life Herder wu.s uccu])iecl to a great 
extent with those publications in 
which he gave expression to the 
opposition which he coiisistently 
maintained to the critical writings 
of his master Kmi t. His two pi inei- 
pal works referring to this are ‘Eine 
Metakritik xur Kritik <ler Keinen 
Veniunft ’ (2 parts, 1799) and ‘ Kal- 
Ugone ’ ( 1 800 j, Kaut had reviewed 
the first volume of Herder’s greatest 
w'ork, the * Ideen/ anonymously, 
criticising the absence of logical 
acumen and clear definitions, and 
also the attempt towards a genetic 
as opposed to a critical treatment 
of the intellect, the former being 
an enterprise “wjiioh transcends 
the powers of human reason, wlie* 
ther the Utter gropes with physi- 
ology as a leader, or attempts to 
soar with metaphysics.” In the 
second j^art the ‘ Idecn ’ Herder 
had taken up a polemioai attitude 
to Kant’s teachings, and Kant had 
again reviewed it, dwelling upon 
the uncritical manner in which 
Herder had built up his hypotheses 


on uimiftod material gathered from 
all sides. ^ hi the * Metakritik ’ 
Herder, irritated by what he con- 
sidered the arrogance of the Kant- 
ian school, undertook to pmt inter 
systematic form his criticism of 
Kant’s principal woi’k, following 
to a great extent the Huggestions 
thrown out by a mutual friend of 
himself and Kant, Johann Georg 
Haraaun (1730-80), and falling back 
upon the earlier philu.sophieri of 
Hpinoza and Leibnijs on the one 
.side, and upon the common -so 
philosophy of the hScottish school on 
the other, seeking for a Holuti<m 
of the problems raised by both, 
not in abstract i-easoning, but in 
the realism of the concrete und the 
historical hoiences. In the ‘Kal- 
Jigone,’ Herder similarly attacks 
Kant’s I'esthetical philosophy (‘ Kri- 
tik der Urtheilskraft,’ 1790), which 
had been entlm-siastically received 
in Hordex'’s immediate neighbour- 
hood by Schiller. A full account of 
tlie.se controversies will be found in 
the 2nd vol, of Haym’s work. 
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in its individual and collective existence — has proceeded 
when separated from that of nature. This survey will 
start with exactly that movement of thought which was 
so distasteful to Herder, the critical inquiry of Kant, 
and it will follow this up to the point when in our days 
a junction has again been attempted, not unlike in spirit 
to that dreamt of by Herder, though very much more 
accurate and precise in method. There is, moreover, one 
special problem where this has been markedly the case ; 
one phenomenon stands out pre-eminently, it belongs 
e(j[ually to the realm of nature and of mind. After 
being independently attacked by philosophers, naturalists, 
travellers, philologists, and latterly by physicists, it has 
revealed itself as the psycho-physical problem cx- 
trllemx ; and it is exactly that which Herder himself 
treated with special attention. This phenomenon is that 
\ of human speech — the problem of language.^ 


^ The problem of language and 
the question of its origin inde- 
pendently occupied thinkers in the 
three countries in the latter half of 
the eighteenth century. In France 
the followers of Locke, notably 
Condillac (‘ Essai sur Vorigine des 
connaissances huinaines,’ vol. ii.), 
wrote on the subject, while Rousseau 
opposed them (SSur rmiSgalile 
parmi les homines,' 1754). In 
Germany the Pastor Sussmilch, of 
whom 1 shall have more to say in 
the next chapter, wrote an elab- 
orate work to prove the divine 
origin of language (‘Beweis dasa 
der Ursprung der Meuschlichen 
Bprache Guttlich sex,’ Bexdin, 1776). 
In order to settle the question the 
Academy of Berlin offered, in the 
year 1769, a prize in the following 
terms ; “ En supposant left hotnmes 
abandonnda h leurs facultds natu- 


relles, sout-ils eu etat d’lnventer 
le laugage et par quels moyens 
parviendront-ilsd’eux-mOmesacette 
invention ? ” a pioblein which Her- 
der chai'acterised as a “ truly philo- 
sophical one, and one eminently 
suited for me.” He had already — 
following Hainann — thought much 
about the subject, and he proposes, 
in his ju’ize es&ay, which was sub- 
Ke<iuently crowned by the Acadeinj", 
“to prove the necessary genesis of 
language as a Jinn philosophical 
truth.” A short time after Her- 
der had written his essay (1771), 
there aj>peared in England, by 
James Burnett, Lord Honboddo, a 
work ^ On the Origin and Progress 
of Language’ (1773), in which he 
refers to the ideas of James Harris 
ill his work * Hermes ; or a Philo- 
sophical Enquiry concerning Lan- 
guage and Universal Grammar’ 
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Jn no department of knowledge has the scientific 
spiiit worked a greater change than in the science uf 
language. With the exception of suggestions Ly Leibniz, 
wlio clearly saw the necessity of founding the theory of 
language on a broader basis than the small number of 
classical and modern tongues then curi'ent afforded, 
and of some glimpses of a correcter view such as those 
contained in the much ridiculed writirigs of Lord Mon- 
])0(ldo, we hiid, up to the end of the eighteenth century, 
hardly any attempt towards a methodical treatment of 
the great problem. Philosophical theories and vague 
etymologies, amounting frequently to little more than 
punning with words, brought the s\ibject into ridicule. 
TIei'der lias the great merit of having urged the im- 
portance of the study of language and literature in 
primitive forms ^ as the great gateway into anthropology 


( 1 TC) 1 ) , The (|uehtion atii'acted con - 
.siflerable attention, partly through 
the eccentricities of Lord Mon- 
of which it has been well 
Mai<l that they appeared more 
rhliculous to his own than they 
wouUl to the present age, partly 
through the controversy which 
arose shortly after on the publi- 
cation of Horne ''Pooke’s celebrated 
or the Diversions 
of Puriey’ (1786). Herder was 
acquainted with Mouboddo’s work, 
iiaving occasioned a translation of 
it to be made and w|'itton a preface 
(1787) : hut lie <loes not seem to 
liave taken any notice of Horne 
Tooke (17P»6'1812), who, as the 
historian of the science of lang- 
uage (Theodor Penicy, ‘ (Jeschichte 
der SprachwiHKeriKchaft/ Mnnchen, 
1860) says, would, for his novel 
ideas and method, deserve to ho 
put at the entrance of the modem 
linguistic ep<ich, had ho been able 


I to avail himself of a knowledge of 
Sanskri t. 

^ Tins refers to the second greats 
est work of Herder, his collerttion 
of popular songs, publi.she<l under 
the significant title of ‘‘Voices of 
the Peoples ” (‘ Stiminen der Volker 
in Liedern,' 1778), a work which 
had the greatest iiiH nonce on 
German literature as well as on 
modern ijhilological siudies. Wee 
Benfey, ha, alt,, p. ;il6, ko, ''Phat 
the jmblicatioii of the ‘ Percy 
Ballads’ (1765), of Hacidiersou’s 
‘ Ossian,’ and of Lowth's ‘ Lectures 
on Hebrew l^iotry ’ (1753), formed 
a great stimulus to Herder in his 
historical and poetical studies is 
shown by Hayin in many extracts 
and pasMages, also in the prefaces 
of Herder himself and of his 
editor, Job, von Miiller (Herder’s 
‘ Werke,* 1828, ‘Zur schonen 
Literatnr und Kmist/ vifls. vii. 
and viii.) 
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and the science of humanity. Through his writings 
there rose two distinct views both fruitful for thought, 
the philosophico-historical and the strictly scientific. His 
immediate successors, or rather those who unconsciously 
imbibed the spirit of his writings, took up the former 
line. The great development of classical philology in 
the school of Wolf, the discovery of Sanskrit and the 
new field of oriental philology, for a time threw the 
purely scientific aspect into the background. Yet at 
the same time with Wilhelm von Humboldt and his 
philosophical interests in comparative philology, we find 
his brother Alexander giving a large share of his atten- 
tion to the unknown languages of the New World, of 
which he has been called the scientific discoverer.” 

But the real beginnings of an exact treatment of the 
problem of speech were laid by one who did not come 
under the conscious intlueiice of Herder, though he came 
under that of Goethe. By Johannes Muller it was 
carried further, and it was completed by some of his 
most illustrious pupils and followers — Bonders, Brucke, 
Helmholtz, and Czennak of Vienna. Through the 
anatomical and physiological labours of these and other 
naturalists, joined to the physical analysis of musical 
notes and sounds contained in the great work of 
Helmholtz on Acoustics, aided by such instruments as 
the laryngoscope or throat-mirror, and^ the wonderful 
inventions of the phonograph and phonautograph, the 
organ of speech is now known to be a complicated wind 
instrument by which pure notes and an almost infinite 
variety of nasal, labial, dental, palatal, guttural, and other 
sounds can be produced which form the phonetic ele- 
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ments of speech* Simultaneously the discovery by Broca, 
in IHGl, of the speech centre in the brain marked an 
epoch on the physiological side.^ A new science, called 
J^honetics or Phonology, has sprung up, and is now 
universally admitted to have created the modern science 
of language." In addition to this physiological and 
physical basis, the superstructure of the science of 


^ Tiii^ locuiliiaatinii jiLice.s the 
.speech centre in ‘‘a very circuiu- 
scrihed portion of the cerebral 
hennspheres, and more especially 
of the left. Thih portion is situate 
on the upper <‘dgo of the Sylvian 
Fife'>uio, opposite the iblaiid ot 
1‘eil. and occupies the po-terior 
half, probably only the posterior 
third, of the thiid frontal convolu- 
tion'’ (Ilroea, ‘Bulletins de la 
Socicfcc analoniKiue,’ IShl). The 
di.'scoveiy I’CMulted from the e*v- 
auiination ot the brain of patients ' 
\vh(> had Ijeen alHie ted with “aph- ^ 
asia, ” vvldcli is accompanied with 
“a lesion of the posterior half of 
the tim'd, left or ri^ht, frontal con- 
v(»luciou. nearly always— nineteen 
times out of twenty — of the left 
eonvoluthni.” The phenomenon 
of aphasia has ever siucc been 
one of the great psycho-jihyaical 
problems bringing together the 
most relined and intricate physi- 
ological, psychological, and linguis- 
tic unalyses. To begin with, wo | 
have to distinguish woto7* apha.sia i 
mul aenaon/ aplumia. “ Our know- i 
ledge of this diHoase ^las bad three 
''tages ; we may talk of the period 
of Broca, the period of Weniicke, 
and tlie penod of Charcot. Wer- 
nicke (1874) was the first to dis- 
criiuiuate those cases in which tho 
patient cannot cvm understand 
speech from those in which he can , 
understand, only not talk ; and to ! 
imcribe the former condition to , 
lesion of the tenjp<»ral lobe. The ' 


condition m (luestiou is word’deuf- 
nm-, and the disease is auditor if 
apkasin. . . . The niinutei aii.ily- 
.si.s of the facts m tho* light ot 
individual differences constitute 
Charcot's contiibutton towards 
cleai'ing up the* subject ” (James, 

* rriiicijiles of Psvthuhfgy,’ \ul. i. 
p. 54 j 

“ In the iiKMlern scu^nce of lan- 
guage we have one among the 
many cases wheio a historical or 
philosojihical science is becoming 
an exact science by attaching itself 
to jdijsics and physiology. On 
the other side wo have the great 
movement initiated by Haiwin in 
the purely natural suonces, which, 
as was shown above, relies on the 
historical collection of facts and 
the judicious critical sifting of evi- 
dence. “It is phonology,” says 
iVof. Bayce Introduction to the 
Science of Jjanguage/ 2 vols., 1880, 
chapi. iv.), “ wiiich has created the 
modern science of language, and 
phonology m.iy therefore be forgiven 
if it has claimed more t han nglit- 
fully belongs to it or forgottem that 
it i« but one side and one branch 
of the master bcicnce itself. . . . 
It is when we pana from the out- 
waid vesture of speech to the 
meaning which it clothes, that the 
science of language becomes a his- 
torical one. Tiie inner meaning 
of speech is the reflection of the 
human mind, and the development 
i)f the human mind must be stud- 
ied historically.” 


47. 

Phonetics. 
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language has likewise been stated to be no longer a 
historical or a philosophical, but to have become a 
physical, science. It is true that, as with other natural 
sciences, so also in this case, the morphological, genetic, 
and biological aspects can be specially studied: also 
analogies can be drawn betweeen geology and glossology 
as to their mode of inductive reasoning. The great 
authority who first took up this novel position was the 
late Prof. August Schleicher of Jena, and the same has 
to a great extent been simultaneously adopted by Max 
Mullei* in his celebrated 'Lectures on the Science of 
Language.' It is interesting to note that Schleicher 
wrote on the 'Morphology of Language' in the same 
year in which the ' Origin of Species ' appeared, and that 
he recognised very early the importance of Darwin’s 
work for the science of language.^ This became still 
more evident on the publication, twelve years later, 
of the ' Descent of Man,' and of ' The Expression of the 


^ Oil August Schleichei' (1821- 
08) feee a very valuable article in 
the ‘ Allgemeine Deutsche Bio- 
grax)bie’ (vol. xxxi. p. 402 sqq,) by 
J ohannes Schmidt. Very diferent 
currents of modern thought, such 
as we fohall in the sequel frequently 
have to represent as opposed to 
each other, the study of the classical 
and of the modern languages, of 
critical and comparative philology, 
the historical and the exact spirit, 
Hegelianism and Darwinism — i.e., 
logical and mechanical evolution 
— the influence of Grimm, Bitschl, 
and Bopp, of botany and gram- 
mar, combined to generate in this 
remarkable man the conception 
of linguistic as a natural science 
in contradistinction from phil- 
ology as a historical science. The 


principal works in which he de- 
veloped his original view were : 
‘Die deutsche Bprache’ {I860); 
‘Compendium der vergleiclienden 
Grammatik der indogormanischen 
Sprachen ' (1861) ; ‘Die Darwin’sche 
Theorie unddie Sprachwissenschaft’ 
(1863) ; and ‘ Ueber die Bedeutung 
der Sprache fiir die Naturgeschichte 
des Menschen ’ (1865). Schleicher’s 
ideas have beeuK taken up in France, 
notably by Abel Hovelacque ( ‘ La 
Linguistique,’ ed., 1857), who 
says of him that “he had com- 
pletely liberated himself from meta- 
physical aspirations’’ (p. 6), On 
the one - sidedness of the purely 
physical theory of language see 
Sayoe, ‘Introd. to the Science or 
Language' (1880), vol, i.- p. 76, 
&c. 
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Emotions in Man and Animals ' a year after. These 
writings did more tiian any others to impress upon 
plulosophers the genetic or liistorical view, tlie existence 
of an iinhroken chain or transition from the lower to the 
higher and the highest forms of animal structures, and 
culminated in the well-known expression of Darwin, that 
in a series of forms graduating insensibly from some 
ape-like creature to man as lie now exists, it would ]»e 
impossible to lix at any definite point when the term 
‘ miin ' ought to be iised.’’^ This dictum has been the 
tliemc on wliich (mdlcBs variations have been played 
down to the pi’csent day — Prof. Ernest Haeckel’s address 
to the (^mgress of Zoology at (Cambridge in 1898 being 
the Ia,t(*st summary of th(3 jdiysical aspect of the proldem, 
lUil tii(‘ ])ro])ltnu lias also a psycho-physical side, and this 
as)MMjt. IS f'onceiitrated in ih<3 problem of language. Even 
those philologists who, like August Schleicher and Max 
Mtdler, look upon the seienc.e of language as a natural 
sci<‘nee, bring in at this point the accumulated and 
Widghty (‘vidcJice of the historical, psychological, and 
]>iiilosopliit*al researclics into the growth and development 
oi humaii speech ami Immari tliought, as absolutely 
negativing thf3 possibility of a gradual transition from the 4.s. 

^ , ThDflj^irlni 

la'iite to the human e.reation. To the latter, language, imehiawe 
which hfc ijonshlors to Ito tho union of definite concepts 
with (Iclliiito naiiujs, is tlic Unhicon which cannot be 
criisHetl," the chasm which divides that portion of the 


^ *• pOwi'OtJt fff iMuU,’ Iht Oft, Vol. 
i. \i. '3’jri, 

“ SiH** Max 5|uller, ‘The Science 
<»f ‘'i'hoiip'ht,’ prmm, notably iihaj). 
iv. |». \77i whtiVii h« ami 

Tu.untainf^ hin tUutumot* ISiil pLe«- 


Uu*(i.'i oil thft Science of Languuse,' 
vtil. i, 4013 j; “Language L our 
Kuhieoii, ami uo brute -will Uaro to 
crows it.’” Referring to Schleicher, 
he Hays (p, X64) ; “ Profcwcn* 

Schleicher* though au eutlui.sut!*tic 



542 


SCIENTIFIC THOUGHT. 


living creation which is capable of an unlimited develop- 
ment and an external realisation of its inner life from 
tliafc which has no mental history or development : it is 
the point of discontinuity in the physical development. 
The study of language in its physical and mental aspects 
— Le., in phonetics and in sematology — affords, accord- 
ing to this view, the only means of penetrating from 
outside into the inner world of thought : it is the 
psycho-physical problem par excellence — the Science of 
Thought.’’ 

Inasmuch as in this latest development of psycho- 
physics the whole of the accumulated material and 
most of the arguments have been drawn from the his- 
torical and philological researches of such thinkers as 
Schlegel, W, von. Humboldt, Bopp, Grimm, and their 
followers, who were without exception trained, not in 
the mathematical but in the philosophical schools of 
Thought which- ruled in the earlier part of our century, 
the further consideration of their ideas belongs properly 
to that portion of this work which will deal s])ecial]y 
with philosophical thought and its application in sucli 
separate branches as are presented, infer alia, by the 
historical sciences. 


adniirei’ of Darwin, observed once 
jokingly, but not witliout a deep 
irony, ‘ If a pig were ever to say to 
me, am a pig,®' it would ipso 
facto cease to be a pig,* This shows 
how strongly he felt that language 
was out of the reach of any anitnal, 
and constituted the exclusive or 
specitic property of man. 1 do not 
wonder that Darwin and other 
philosophers belonging to his school 
should not feel the difficulty of 


language as it was felt by l^rof. 
Schleicher, wd*), though 'a Dai- 
winian, was also one ot* our best 
students of the science of language. 
But those who know best what 
language is, and still more, w’hat 
it cannot, however 

Darwinian tliey may be ou other 
points, ignore the veto which, as 
yet, that science enters against tlie 
last step in Darwin’s philosophy.” 
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It now only reniains lor me to sum up in a few words 
the leading conceptions which the psycho -physical view of 
nature has forced upon us. In the last chapter I showed 
how the study of life has in the course of our century 
more and more bi'ought out the conviction that life is a 
continuous, a uhnjuitoas, and a unir|ue phenomenon; 
an exhaustive or even a worlcing deHnition of life being 
so far hardly possible. In tins clrai)ter we have learnt, 
by following tlio jjsycho - jihysical lines of research, to 
distinguish another and peculiar side of the higher forms 
of living matter, that which is commonly called the 
mental, Inner, or self-conscious side. Tins appeared, 
wlien Viewed externally, as a discontinuous epi-pheno- 
monon '‘eino Hegleitorscheinung ” — of some very com- 

plex physiological jirocesscs and anatomical arrangements 
of living matter, and as such it exhibits a property with 
which we are otherwise not familiar in the visible pheno- 
mena of nature— -namely, discontinuity. Viewed exter- 
nally, the inner iihouomcna, which we comprise under 
tiie 'torm “ mind,” ajipoar and disaitpear, their continuity 
being jiroserved in association with the pemianence of 
tlie lixternal substratum or basis to which they are 
attached, and internally regained by tlie indeiiuablo pro- 
jierty of memory, l’>ut inasmuch as wc have not only an 
external but also an internal knowledge of at least some 
of these cpi-phenomena, we have had forced upon us an 
entirely different view of this inner life, of mind. To 
the inner view there exists in self-conscious beings a 
centre of relatedness— a, special kind of unity which wo 
call individuality or personality s and this inner unity is 
capable of being externalised or made objective in the 
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mental life of mankind, language being the great instru- 
ment ])T which this is accomplished In this external 
or objective existence — which, however, is only intel- 
ligible to beings which form a part of it — that con- 
tinuity is regained which in the existence of every 
individual is continually being interrupted and in danger 
of being lost. Psycho-physical research reveals to us 
the existence of a unity different from that visible in 
merely external or physical nature, — a centred unity 
which is something else than the sum of parts in a 
mathematical whole. Through this process of cen- 
tralisation and externalisation there has been formed 
in the physical world, or in nature, a new world — 
the world of mind, which is continually growing in 
contrast to the former, which only changes without 
increasing or losing its two constituents, matter and 
energy. 

Tins new world within the old one, this creation of 
man, forms indeed a portion of nature — it is the micro- 
cosm ill the macrocosm. It might be investigated l^y 
the usual methods of exact research ; and the science of 
anthropology, with its many branches, proposes to study 
it in the same way as natural history in modern times 
has studied the social life of certain animals, such as 
bees, ants, and beavers. Inasmuch, howeyex*, as the exact 
methods do not lead very far, and have continually to 
appeal to the interpretations of psychology, gained by 
personal experience and introspective methods,^ it seems 

^ Prof. E. Heriiig (‘Ueber das , the physiologist is oaly a physicist 
Geduchtniss als eine allgeraeiue ; he stands in a one-sided position 
Punktion der organischen Materie,’ . to the organic world. This one- 
Vienna, 1870) says; ‘SSo long as 1 sidedness is e:£treine but quite 
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more practical to range the whole of these researches 
within that great realm of thought which starts with a 
distinct recognition of conscious individual life as its 
source and centre. As such, in fact, these researches 
have been till quite recently carried on, and the main 
lines of their recent development belong accordingly to 
philosophic as distinguished from scientific or exact 
thought. 

The three great facts, however, which even the exact xhetiLe 
treatment of mental phenomena has impressed upon us “sm by 
— namely, the existence of centiulised material systems, ilbyMc^s. 
termed ''individuals,” tlie discontinuity of tlicir inner 
life as viewed from outside, and the phenomenon of its 
growing external manifestation — liave driven natural 
philosophers to form some explanation, or at least to 
venture upon a definition of tliis hidden principle, 
which shows itself in the highest forms of living matter, 
and which, though discontinuous to the external observer, 
acquires in the aggregate of human society a continuous 
and ever growing reality and development. Two dis- 

legitimate. As the crystal to complex who.se external and in- 
the mineralogist, the vibrating ternal movements are causally as 
string to the student of acoustics, rigidly connected amongst each 
hO also the animal, and even man, other, and with the uiovements 
is to the physicist only a piece of of the environment, as the work- 
matter. That the animal experi- ing of^ a machine is with the 
ences pleasure and pain — that with revolution of its wheels (p. 4). . , . 
the material life of the human Thus the physiologist as physicist, 
frame are connected the joys and But he stands behind the 'scene, 
sorrows of a soul and the vivid and while he painfully examines 
intellectual life of a consciousness ; the mechanism and the busy doings 
this cannot change the animal and of the actors behind the drop- 
human body for the physical scenes, he misses the sense of the 
student into anything other than whole which the spectator easily 
it is — a material complex subject recognises from the front. Could 
to the unalterable laws which the physiologist not, for once, 
govern also the stone and the change his position?*’ (p. 5. 
substance of the plant, a material 

VOL. II. 2 M 
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tinct views have been evolved by modern science on 
this matter. 

The one emphasises the fact of the discontinuity of 
mental — ie., conscious — life, regards it as an ultimate 
fact, as a mystery beyond which we cannot travel. This 
idea presents itself in various forms, and has been 
notably insisted on — with very varying philosophical 
inferences — by Du Bois-Eeymond in Germany, by Mr 
A. R. Wallace, and quite recently by the late Prof. St 
George Mivart m England. 

The other takes refuge in the hypothesis of un- 
conscious or subconscious mental life, and again with 
very different philosophical inferences assumes that all 
physical existence has an inner side which only under 
certain favourable conditions rises into the light of self- 
knowledge or consciousness. The late W. K, Clifford's 
“mind-stuff" theory, as also the speculations of Fechner 
and of Prof. Haeckel, are types of this view, which has 
been consistently and connectedly elaborated in Hart- 
mann's 'Philosophy of the Unconscious.' 

These speculations can be summed up under the title 
“ The Creed of Science," and as such will occupy us later 
on in one of the chapters on the Philosophical Thought 
of the century. 

By many natural philosophers it is felj that the time 
has not yet come to arrive scientifically at any definite 
conclusions on these last questions. Sufficient facts have 
, not been collected ; or even if collected, they have not 
yet been classified and tabulated. This is especially the 
case with the vast materials referring to the collective 
life of mankind, Leibniz had in his time foretold the 
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necessity of extensive statistical information before 
building theories. In one instance, that of language, 
his advice was followed with signal success. 

But even some of the purely physical sciences, like 
meteorology, are still almost entirely limited to statistical 
information. 

Statistics have thus become a very important depart- 
ment of knowledge, and before taking leave of the exact 
lines of thought, it will be w^ell to note more precisely 
the part which these have played in our age, as also the 
methods by which they proceed. This will be the 
object of the next chapter, whicli will accordingly deal 
with the Statistical View of Nature. 
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CHAPTER XIL 

ON THE STxVTISTICAL VIEW OF NATURE. 

I HAVE now treated of the several grand and general 
aspects under wliicli the objects of nature can be 
scientifically regarded, and have tried to show how 
these aspects, not unknown to former ages, have never- 
theless, in the course of the nineteenth century, become 
more detiuite, and accordingly more useful, as means for 
describing, measuring, and, in many cases, predicting 
phenomena. It is true that the two last chapters, 
which dealt with the phenomena of Life and Mind, 
had to take notice of a principle or of principles which 
have hardly yet received any scientific definition at all, 
and which in the progress of the sciences which deal 
with them have played rather a negative part. It 
has been mainly by eliminating the conceptions of life 
and of mind as special agencies, factoraj or entities that 
the scientific study of living and conscious beings has 
■ progressed ; by showing more and more how an accurate 
and useful knowledge of much of their nature and 
behaviour can be gained with the aid of the methods 
adopted in other scientific inquiries, which we may 
cdl mechanical. 
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Scientific inquiry in biology and psycho- physics has 
thus advanced on the lines indicated in the earlier 
chapters, where it was shown how several positive 
scientific conceptions have been gained, defined, and 
applied. These conceptions are all generalisations based 
upon definite observable facts of nature, such as attrac- 
tion, atomic constitution, motion (rectilinear, periodic, 
and rotational), energy, form, and change of form,^ and 
they have given rise to great branches of science, con- 
taining special methods of thought and reasoning. They 
have all shown themselves accessible, in a greater or 
less degree, to mathematical treatiiicut. and have con- 
sequently been tlie means of introducing the exact 
scientific spirit into large fields of research, into ever 


^ The statement in the text is 
not wtrictly correct ; foi’ of the six 
definite conceptions mentioned we 
really, even in single cases, only 
see two exemplified — viz., motion 
and form. Neither attraction, nor 
the atom, nor energy, nor develop- 
ment is, even in single cases, 
observable, though, with the ex- 
ception of energy, tliey are very 
early and very familiar abstrac- 
tions. This remark may suggest 
that motion and form are, at least 
for the present, the simplest an<l 
most obvious conceptions into 
which we can analyse or resolve 
all external observations, and that 
consequently kinetics and mor- 
phology may be tiTe fundamental 
sciences, the fust in natural phil- 
obOphy, the latter in natural his- 
tory or biology in the widest sense. 
That a kinetic view will gradually 
supervene in natural philosophy 
is, I think, generally admitted. 
It v«eems less generally conceded 
that morphology will supervene in 
biology ; especially as ail the rage 


is just now for evolution .ami de- 
velopment. But as development 
must start from someiliing, it is 
likely that it will lead back to 
morphology. Ax tending in this 
direction 1 read the expositions of 
Lotze. Claude Bernard, and the 
“ Organicists.” Organisation must 
mean a certain arrangement, and 
arrangement is ultimately the same 
as order, structure, or form. It 
may mean something more — viz., 
unity or centredness ; but this is a 
conception not capable of a purely 
mechanical or geometrical deffni- 
tion ; we know of it only through 
introspection. A great ' deal has 
been written on Morphology and 
Morphogenesis by that very sug- 
gestive author, Hans Uriesch ; see 
a list of his writings, mpra, p, 4 fit) 
note. I here only refer to them ; 
for, being myself unable clearly to 
apprehend his main drift, I hesitate 
to quote him as confirming the 
argument of this note. The reader 
muat judge for himself. 
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widening circles of phenomena and events. This has 
been most decidedly the case with the sciences in which 
the law or formula of gravitation has become the leading 
principle. As we advanced on the other lines of 
thought, marked by the conceptions of atomism, of 
the various forms of motion and of energy, this sub- 
jection to precise formulae became less perfect, more 
complicated and hypothetical, whilst the study of the 
typical forms of natural objects, and even more of 
their genesis and developments, opened out a field 
for much conjecture and fanciful reasoning, amid which 
little more than the general outlines of a definite theory 
could be established. Lastly, in applying these various 
conceptions to the phenomena of the living and self- 
conscious creation, we have struck upon the limiting 
ideas of life and mind, of which, from a purely external 
point of view, little more can be said than that they 
indicate to us the existence among natural objects of a 
unity of a different kind from that which we can under- 
stand mechanically as the sum of many parts. In the 
higher forms this unity revealed itself to us through the 
analogy of our own inner life as a peculiar kind of 
centralisation, discontinuous when viewed from outside, 
but possessing, when viewed from another side, a con- 
tinuity, connectedness, and capacity of unlimited growth 
of its own which is the special object*" of the psycho- 
logical and historical sciences. These characteristics 
belong to the great realm of philosophical as dis- 
tinguished from exact scientific thought. 

Before entering on this other great branch of our 
subject, we may well pause for a moment and cast 
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a general and unbiassed glance at the world outside, 
leaving our study, our observatory, our laboratory, our 
dissecting- or our measuring-room, and ask ourselves 
the simple question, By the work carried on in these 
various secluded places, in the ‘‘ sapientum templa 
serena,” how much of the world outside have we really 
learnt to comprehend, or even only to describe and 
picture to ourselves correctly and completely ? The 
answer is hardly encouraging. The first thing we 
iKjtice in stepping out of our door is a phenomenon 
still as incalculable as it has over been, and yet bound 
up with the enjoyment of oui* lives and the success 
of our work as much as ever — the weather. What do 
we know of it which is practically reliable and useful '( 
The reply must be, Next to nothing.” Some g(nieral 
astronomical and some more detailed physical and 
chemical relations permit us to describe a few general 
meteorological and a few recurring seasonable events, but 
scarcely with more practical detail and certainty than the 
unscientific ancients or the untaught children of nature 
of to-day. We know in general the cause of storms, of 
clianges of temperature, of the seasons, of rain, hail, 
drought, and cold, but we do not know much more of 
the exact when and wliere of these various clianges 
than (lid our forefathers. The natural atmosphere and 
climate whicK surround us ai‘e still elements of con- 
jecture and uncertainty. 

Assume, however, that we go a step further, and 
having accustomed ourselves to take the weather, g(jod 
or bad, as it is, enter into the artificial atmosphere and 
surroundings of practical life, of industry, trade, and 
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commerce, of politics and society, in which most of us 
have to spend the larger portion of the working hours of 
our existence. We can again put the question, What do 
we know with certainty of the changes and vicissitudes 
of this artificial atmosphere which surrounds us ; what 
of the chances of a fall or rise in prices, of increased 
or lessened demand, of impending labour troubles, of the 
risks even of famine, fire, shipwreck, disease, or war ? 
Again we may say that in general we know the proxi- 
mate causes, natural or artificial, which may bring them 
about, but the exact when and where of their occurrence 
is so slightly known to us that such knowledge is of little, 
if of any, practical value, and proceeds, moreover, where 
it exists, more from general good sense and practical 
experience than from the discoveries of science. Indeed, 
the latter have, through the wonderful applications in 
the inventions of arts and crafts, tended to make our 
artificial atmosphere more complex, liable to more rapid 
and more drastic changes, and accordingly its features 
less permanent and less calculable and reliable, 

3. Thus, in spite of the wonderful increase of scientific 
e?ete^ con- knowledge and the general diffusion of scientific thought 
in the course of the century, uncertainty is still the 
main and dominant characteristic of our life in nature 
and society ; the atmosphere and climate of each are as 
fickle and changeable, as incalculable ancf unreliable, as 
ever. Neither the great law of gravitation nor the 
fixed proportions of chemistry, neither the intricate 
doctrine of nndulations nor the conception of energy, 
neither the knowledge of typical forms of nature nor that 
of their orderly evolution, has, in the hands of those who 



ON THE STATISTICAL VIEW OP NATURE. 553 


goA'ern, regulate, and fashion the practical wcaic of life 
and society, become an instrument of personal use and 
daily importance. Statesmen, legislators, organisers of 
men, captains of industry, contractors, piactical engineeis, 
colonisers, pioneers, and leaders of all kinds are still 
mostdy Ignorant of these scientific ideas. They regard 
them from a distance, themselves relying manily on 
common-sense, on personal experience, or on the innate 
but indetinable impulses of individual genius , pro- 
fessional, scientific knowledge is only one, and hardly the 
most important, of the many agencies with wbicli they 
deal and which they have to take into account. 

And yet, in spite of this fact that the ordinary routine 
of life IS a very different process from the ways of 
science, we must admit tluit the sciouiihc spirit very 
largely pervades the business of to-day. You cannot 
enter any commercial, shipping, or general trading oilice 
without being struck witli the number of carefully pre- 
pared charts, tables, and statistical registers of all kinds 
of curves showing the rise and fall of prici^s, the produc- 
tion and consumption, the stocks and values of metals, 
coal, grain, chemicals, cotton, and prodiu'-e of every kind ; 
and in cpiite recent years, not only material things of all 
sorts, but the intangible thing called energy — after 
supplanting the older term horse-power — lias become the 
subject of claSorate tabular and gra]»liical registration. 
The streets of even the smaller towns in every civilised 
country show, besides the sign-boards of shops, offices, 
and hanks, an increasing army of insurance firms, whose 
whole business depends on elaborate calculations, based 
on long tables of births, deaths, marriages, shipwrecks. 
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and other casualties. The daily newspapers bring us 
weather charts with isothermic, isobaric, and other lines, 
on which they found weather predictions or storm 
warnings. Surely, if counting, measuring, and culculat- 
ing are the elementary processes of the scientific method, 
it must be admitted that the latter has permeated our 
practical life to an enormous extent. Thus the question 
can be asked, If the calculating spirit is so general, how 
does it come about that in its application to life and 
coinmerce it has led to so much grasp but to so little 
certainty ; whereas in science itself it has led to so much 
actual and reliable knowledge ^ How does its application 
in practice difler from that in theory ^ The answer to 
this question is not far to seek, and it will introduce us to 
a special branch of science, to a special form of scientific 
thought which again is, if not a creation of the nineteenth 
century, yet one of its characteristic developments. 

That which everywhere oppresses the practical man 
is the great number of things and events which pass 
ceaselessly before him, and the flow of which he cannot 
arrest. What he requires is the grasp of large numbers. 
The successful scientific explorer has always been the man 
who could single out some special thing for minute and 
detailed investigation, who could retire with one definite 
object, with one fixed problem into his study or labor- 
atory and there fathom and unravel its intricacies, rising 
by induction or divination to some rapid generalisation 
which allowed him to establish what is termed a law 
or general aspect from which he could view the whole 
or a large part of nature. The scientific genius can 
“ stay the moment fleeting ” ; he can say to the object 
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of his choice, '‘Ah. linger still, thou ait so fair'’; he 
can fix and keep the star in tlie focus of liis telescope, 
or protect the delicate fil^rc and nerve of a decaying 
organism from succumbing to the rapid disintegration 
of organic change. The practical man cannot do this : 
he is always and everywhere met by the crowd of facts, 
by the relentlessly hurrying stream of events. What 
he requires is grasp of numbers, leaving to the pro- 
fessional man the knowledge of detail. Thus has arisen 
the science of large numbers or statistics,^ and the many 
methods of which it is possessed. It will form the 
subject of the present chapter. 


^ Got tf lied Af -hen wall (1719- 
1772) is commonly termed the 
father ” of statifstics. This, how- 
ever, IS hardly correct, either m 
relation to leaching or to the 
practical paj’tof the subject, or even 
bo far as the name i.s conoemed. 
In connection with admiuistiation 
statistics existed in aniiauity. 
Tliey were taught by the celebrated 
professor, Cunring, the cider con- 
temporary and rival of Leibniz, 
and the name occurs in the 
seven teentiv century in the ‘Micro- 
scopium btatisticura, quo status 
im])erii Romano- Germanici rep- 
nubcntatur auct. Heleiio Volitano ’ 
(1672). By Achenwall and his 
successor, Ludwig August Hehlozer 
0735-1809)} statisticK were treated 
in connection wUh history. The 
latter says, statistics are history 
standing still, and history is sta- 
tistics put in motion.’’ See on 
this subject, Wegole, ‘ Geschichte 
dcr cleutschen Historiographie * 
(Munchon, 1886), p. 793 ; also 
Rosoher, ‘Geschiohte der National- 
Oekonomlk’ (ibid., 1874), p. 466. 
A very valuable and exhaustive 
account of the etymology and 


gradual change id’ imMinng <»f the 
words “ .statist aiul statistics will 
he found in Dr V. John, 
‘Gosclnchte der Statistik,’ 1. Tluul. 
(Stuttgart, 1881), pp. 3-14. He 
divides the history of the subject 
down to t^uetelct into that of the 
“<J!exman University Statistics,’’ 
following in the lines of Conring, 
Achenwall, ami Seldom', also called 
the “Guttingcu School,” and that 
of atatistica as an exact, an 
enunicrative Hciencc, which he calls 
the modern seieut'o of statistics. It 
appears that in Rnglinh {i1p»o the 
two meanings of the word are ex- 
emplified in the older use of the 
term “statist” by Shakcs]>eare 
(*‘ Hamlet,” V. 2. ; “ Cymheliue,” ii, 
4.) and AVci>ster, in which sense it 
meant simply “Htatesman ” ; and the 
niodern title * Statist.,’ for a statis- 
tical and financial periodical. Nor 
must we forgot that England has in 
her ‘Lihor judidarius sou ccnsualis 
Willelmi I., regis Anglhe,’ called 
‘ Domesday - hook ’ (1083 - 86), as 
David Hume says, “the most 
valuable pic<.»e of antiquity po.--.- 
sesMod by any nation” (‘Hist, of 
England,* chap, iv.) 
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The grasp of large numbers, the methodical array of 
figures and the registration of events, would in itself be 
of little use were it not for a fundamental assumption 
which appeals to common-sense and has been confirmed 
by science, though it is hardly anywhere expressly stated 
— namely, the belief in a general order, in a recurrent 
regularity or a slow but continuous change and orderly 
development of the things and events of the world. 
Science, in the different aspects which we have so far 
passed in review, tries to give a definite expression to 
this general Order, to this all-pervading rule and regu- 
larity. Statistics and the practical use of them limit 
themselves to the bare fact that such order and regular- 
ity do exist, though the formula or reason for them 
may be unknown or unknowable. It may also be well 
to note that this belief in a general order is common to 
all schools of thought, be they ancient or modern, pagan 
or Christian, religious or scientific, optimist or pessimist. 
The dictum, “ est modus in rebus,'' is the fundamental 
axiom of all thought and all practice ; and the statistical 
view of nature, which merely puts into form and figure 
this general axiom or truism, has accordingly been ap- 
pealed to as much by those who uphold a divine order 
of things as by others who insist on a natural or 
mechanical one. In the school of Quetelet, through 
whose influence statistical knowledge •has been so 
greatly furthered in the course of our century, the 
regular recurrence of events and the stability of large 
numbers has been sometimes used as the basis for a 
fatalistic and pessimistic view, whereas nearly a hundi'ed 
years before Quetelet, statistics had been elaborated by 
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the l^astor Sussrnilch in Prussia, in a celebrated book 
bearing tlie title 'On tlie Divine Order/ with a tendency 
towards optimism, and as a proof of an o\^ernding 
Frovideuced 

Altliongh it is generally admitted by writers on stat- 
istics that in the narrower sense of tlie word they have 
existed ever since tlie existence of govei‘nmentH which re- 
quired to know the iiumher of their ])opnlation, the nat- 
ural resources of the country, and its means of subsist- 
ence or defence, thei’C is a general r>]>iiuon current that 
wliat we now call the statistical nuRliods in science and 
in ])r{ictice W(ire intiuducfsl, or at least exjiressly rt^fMun- 
inended, by Lord Ihicon under the name of tlu) “ MoUkkI 
of Instances.’’ This nudhtxl, which consisted in a kind 
of tabulating of numl>ers of facts referring to any 
s]>ecial subj(‘ct undtu’ invt^stigalion, lias been criticised 


“ or 

iTislunccM " 


’ Tho (liObreiico hccms lo luirrow 
itself down to thin, tiiut. one elnsH 
of writers rofors cvnrvtldiij^ tf> a 
physitMl, ilui other to a moral, 
order. IM. M<uincw Clock, an 
cndnont writer on statistiw, tUn- 
cu.sMJH this <[Uf'.si.io'n, |»}MsinjL; a niim' 
bui* ot uiodiTn autljor.s under 
review in the liftli cRaptor, 4^ C, 
of hirt ft.\oelient ‘'rriuln thcf>rieini 
et pratitiun do Stat,i?*ti»jue ' Ci““* 
isl., Paris, IHSO). Rcfcrrinij; to 
the tlu‘olop;i(‘al .staiihtician, A, vo» 
Oettingen, and coinpariTjf? him with 
(Jiuetnlei, ho says'^ip. 14d); ‘SSous 
{‘crtains ra}>portH, Popinion do M, 
Ic profmMcmr do tht^vdoj^in AIc.n:- 
andre trdCitingon, pourra pur'aitrn 
VoppoHoe ih* crUes <h'' 
inais elk nous sembh? nn diffdrer 
heaucoup nioins quo k .savant pro- 
fosseur no le emit. . . . Nous 
pouvoiiH naraotcrisor on jh»u tk 
mots w <iuo MM, criKttin^en et 
Quotokt ont (k oommun et com* 


nnmt iU different : ik oni do 
comnmii le Unid do la sc.kimo ; ilt- 
cmistatent I’un et TfUitre la re- 
gnlaritti ilu luouvement des faitw ; 
its no diflerent (jue };ar i’iutcr- 
pivUtion : (^uoUdid. voit ties loi« 
iwduroll«.s la aU M. k* pr/>fohHoui 
<r(Ktfingon voit dos lots morales 
inHtitutt!(‘H par Diem Aussi Tun 
nomine- i-ii son jivre Physique 
Hoeiale, ot I’autre Kthi(|ue soeiale. 
M. <r<Kttingon ont im cruyant (jui 
idme h Hkppuyer sur la .sci<*nee, 
11 dit, page Dl de la premiere 
edition ; * Dans les seienet's cornme 
duns la ndigion, no i|ue Plnmuno 
invente no pout etro quo faux, 
tandk (jue ka vuriU'^H qu’il de- 
couvro, Mont uniquemont dea faits 
nu des loiK <jui rayonnent du 
CV’iiteur/*' Tins ree<4Kuliation of 
citlier physical or moral order with 
the exkteiico of freewill m not 
a Htatiatioil but a phikaophical 
problem, , 
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by writers like Whewell, von Liebig, Stanley Jevons, 
and many others, and shown to be of very doubtful 
value; the example given by Bacon himself — the re- 
search into the nature of heat — being especially un- 
fortunate and badly chosen. In spite of this, it 
is noteworthy that, up to quite recent times, the 
Baconian method is continually referred to, mainly by 
writers who are desirous of introducing what they call 
the exact methods of research into other sciences 
than those of external nature. A good example of this 
kind is given by Walter Bagehot, and as it serves to 
make an important point more intelligible than a gen- 
eral statement would, I will here give it in full. He 
speaks of the Enumerative, or, as he calls it, the All- 
case method,’’ and then continues : A very able Ger- 
man writer^ has said of a great economical topic — 
banking — ' I venture to suggest that there is but one 
way of arriving at such knowledge and truth, namely, 
a thorough investigation of the facts of the case: by 
the facts I mean not merely such facts as present 
themselves to so-called practical men in the common 
routine of business, but the facts which a complete 
historical and statistical inquiry would develop. When 
.such a work shall have been accomplished, German 
economists may boast of having restored^ the principle 
of banking — that is to say, of German banking, but 
not even then of banking in general. To set forth 
principles of banking in general, it will be necessary 
to master in the same way the facts of English, Scottish, 
Erench, and American banking — in short of every 
^ Prof. Cohn in * Fortnightly Review,’ Sept. 1873. 
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eonntaT where banldnu; exists . . . The only, hnt let us 
add also the sate, ground of ]io[»e fur political eeonoj uy, 
is following Bacon's exhortation to recouiuienee afresh 
the whole wr>rk of eeoiioniie in([nuT. In what euiuh- 
tion would eheinisti'Y, physics, geohjgy, zoology l^e, and 
other branches of natural scieiute whitdi have yieldetl 
such prodigious results, if their students hful licen linked 
to their chains of dodiuition from the assunipUons and 
speculations of the last I'-entury ' ’ this Bagehot 
replies: ‘‘The method which Mr holm sugg(\sts was 
tried in physical scimiee and faihul. And it is vtu'v 
remarkaldo that l]t‘ should not vemenihered it as 

he speaks of Lord Bacon, for llu^ meniud wiiieh he 
suggests is exactly that whirdi Lord Ba<ion tiims(‘lf 
followed, and owing to the mista.ken natun* of whicB 
ho (Iiscovcr(‘d nothing. investigation into the 

nature of heat in th(‘ ‘ Novum Oiganum' is exactly su('Ji 
a collection of facts as Mr holm suggests, but nothing 
comes of it. As Mr devons well says, Lord Ihicmfs 
notion of scieiitilie. method was tliat of a kiml of scien- 
tific book“k(’nping. Facts wore hi be indiscrindnaiely 
gathered from every source and posted in a kind of 
ledger, from which would einm-ge in time a (jlear balances 
of truth. It is diflicult to imagim^ a le.ss likely way (d* 
arriving at discoveries/’^ 

m 


^ “'rtie ro«tulat.CH of EukHmU 
Political Economy’ (IBSH), p. 17, 
&c. He further remarks ; ‘Mf we 
wait to reanon till the * facts * are 
ce>mpUjte, we nhall wait till the 
human race has expired. I think 
that Mr CohUj and those who think 
with him, are too Hitiokinh* in this 
matter. They moan by having all 


the lyforc* them, Itaving all 

the priiiicd faiU«, all the HiaiiMticsd 
tahlcH. Hut what has heou huid 
of nature is true of commerce. 
‘Nature/ says Sir Churloh Lyell, 
‘liOH made it no part of her con* 
corn to provide a record of her 
ijperatiouH for the use men ’ j 
nor does trade either — ^only the 
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In fact, the eight chapters of this work which have 
dealt with the various alistract views from which natural 
phenomena have been considered in recent times, form 
an elaborate refutation of the so> called Baconian, of the 
enumerative or all case,” method. It was the light of 
the idea \vhich brought life and order into the “ rudis 
indigestaque moles” of badly collected facts, and in 
many cases even led for the first time to their useful 
and intelligent enumeration. But now we come to a 
further important question. Allowing that in certain 
large but nevertheless secluded spheres of science a few 
general ideas have been found to apply and work 
wonders of calculation, prediction, and useful applica- 
tion, how about those complicated phenomena which 
form our natural and social environment, and where so 
far no scientific formula has proved powerful or com- 
prehensive enough ^ Are all these elaborate enumer- 
ations and graphical representations in meteorology, in 
sociology, commerce, industry, and finance, to which we 
have instinctively and increasingly had recourse during 
the whole of the century, of no value? Is no useful 


smallest of fractions of actual 
transactions is set down so that 
investigation can use it. Litera- 
ture has been called the ‘ fragment 
of fragments,’ and in the same way 
statistics are the 'scrap of scraiJs.’ 
In real life scarcely any one knows 
more than a small part of what his 
neighbour is doing, and he scarcely 
makes pulDlic any of that little, or I 
of what he does himself. A com- 
plete record of commercial facts, 
or even of one kind of such facts, 
is the eompletest of dreams. You 
might as well hope for an entire | 
record of human conversation/' 


Stanley Jevons (‘ Principles of 
Science,’ Preface, p. vii), says * 
“ Within the last century a reaction 
has been setting in against the 
purely empirical procedure of 
Francis Bacon, »nd physicists have 
learnt to advocate the use of 
hypotheses. I take the extreme 
view of holding that Francis 
Bacon, although he correctly in- 
sisted upon constant reference to 
experience, had no correct notions 
as to the logical method by which, 
from particular facts, we educe 
ia^vs of nature.” 
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vemilt to spring from them ? Had they been conducted 
under the intiuence of no useful general idea, our answer 
would indeed have to be in tlie negative. But if, as 
practice shows, they liave been of use, if, in fact, they 
prove to be in many cases quite indispensable, we may 
ask, What is the idea, the abstract thought, which 
dominates them ? I will give the answer at once and 
then fix the aspect with which tlie present chapter has 
to deal. It is the conception and doctrine of averages. 

Altliough to the general reader nothing may soein to 
be simpler than a process of counting and of registration, 
the science of statistics, tijo systematic collei'tion of large 
numbers, and the tixing of avci-ages, is comparatively 
young : it dates from the b(3ginTiing of the seventeenth 
cuiitur}^ when Sully in France, followed l^y Eichclicu 
and Colbert, had organised what may l^e called the first 
statistical bureau.^ It emanated from the same spirit 
which called into existence the Paris Academy of 
{Sciences. Characteristically for the two other nations 
witli whieli we are mainly concerned in this history, the 


^ M. Block {loc. cit.^ p. ‘25) sayh : 

*'* Rii France Sully avail deja or- > 
vorH 1C02, un aihinct mm- 
plcf (le jHiIithiue vt dv fimanerSi (lui 
pf‘ut ctro considdi’c conune Ic 
prf^inier bureau de fitatistique. 
Le.s ni})portH <|ue iSidly demaiidait 
einbrahsaifut I’annee, la marine, 
If'.s bnunccH et un grand numUre 
d(^ l)raiichc,s de Fad ministration, 
et le ruriultat de ho« inveHiigatiouH 
He ti-otive expoH<5 daun Touvrage 
<pii a etc Houvo!it reiin prime houh 
) e titr<i de ‘MoiuuircH de Sully/ 
HiebeJieu cfc Onlbcri m hont egale- 
nieiil fait adreftser dew rapports, 
aux<iuoiH ou a puiHc, dann ces ' 

VOL. n. 


dorniers tomph, bien de.s eli'ineiith 
I utilcH a riustoire et. que la atatiH- 
tiquc jKmrrait egalement utiliser.” 
The lloimiuH, who in antirjuity may 
be rogarilcd as the forerunnei’n of 
the French in administrative ability 
and burimchs-like conduct of State 
affairs, weem also to have developed 
an extensive system of rcgiblration. 
The (luesiiou has been fully treats I 
by tlie late Prof. Hildebrand of 
Jena in tbe‘Jahrbnch fur Natiouule 
Okonomie und Statisbik ’ (ISGil), in 
an article entitled “Hie Arntliehe 
Bevolkerungs -Htatiatik ini alien 
Horn,” 
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10 . 

Statistics in 
France, Ger- 
nany, and 
EJngland. 


labour of statistics was taken up in Germany by the 
Universities, whereas in England it fell to the lot chiefly 
of a single person — the celebrated Sir William Petty, 
the creator of the term Political Arithmetic.'’ Thus, as 
in science generally, so in statistics, France marched 
ahead with her systematic and administrative genius ; 
Germany followed in the person of Professor Coming,^ 
who introduced the matter as a subject of university 
teaching; whilst Sir William Petty ^ wrote his essay 
with the practical object of disproving an opinion then 
much current in England, and which has periodically 
cropped up in the writings of journalists at home and 
abroad — the threatened decline of the English nation. 


^ Hermann Conring (1606-81), 
Professor of Medicine and Phil- 
osophy at Helmstadt, lectured on 
“ Suatskunde, Notitia Rerum Pub- 
licarum,” from about 1660. 

^ About the same time when 
lectures on “The Science of the 
State” were begun in Germany by 
Conring, Sir William Petty (1623- 
87) in England, one of the founders 
of the Royal Society, occupied him- 
self for practical reasons with similar 
subjects, collecting his views m a 
tract called ‘Political Arithmetic’ 
about the year 1677, besides con- 
tributing various papers to the 
‘ Philosophical Transactions ’ and 
publishing several ‘Essays’ (1681- 
86). The ‘Political Arithmetic’ 
would have been printed, but for 
the French policy of Charles IX., to 
whom it wa^ presented in manu- 
script It was not published till 
1690, after the author’s death, on a 
permission “given at the Court 
of Whitehall on the seventh day 
of November,” by Lord Shel- 
burne, the son of the author. 
In the preface, he characteristic- 


ally says : “ I have thought fit to 
examine the following Persuasions ; 
which I find too current m the 
world, and too much to have 
affected the minds ot some, to the 
prejudice of all — vis;., That the 
rents of land are genendly fallen ; 
that therefore, and for many other 
reasons, the whole kingdom grows 
every day ^poorer and poorer. That 
formerly it abounded with gold ; 
but now, there is a great scarcity^ 
both of gold and sUi'er. That there 
is no trade^ nor employment for the 
people, and yet that the land is 
under -peopled. That taxes have 
been many and great That Ire- 
land and the Plantations in 
America, and (Mher additions to 
the Crown, are a burden to Eng- 
land, That Scotland is of no ad- 
vantage. That trade, in general, 
doth lamentably decay. That the 
Hollanders are at our heels, in the 
race for naval poxoer ; the French 
grow too fast upon both; and appear 
so rich and potent, that it is hut their 
clemency that they do not devour 
their neighbours.** 
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And as in science, so also in statistics, C4ermany in tune 
followed the example of Prance by introducing organis- 
ations gbTiilar to that of the “ Cabinet coinplet de poli- 
tique et de finances ” of Sully. It was notal)ly <luring 
the reign of Prederiok the Crreat that the population 
statistics were regularly and sysleiaatieally collected in 
Prussia, this enterprise being greatly stimulated by the 
publication of J. P. Sussmilch’s ^ ‘Treatise on the Divine 
Order.’ In England — with a notable e.xception to bo 
mentioned immediately — the lino of research ojiened out 
by Sir William Petty was not followed ui», and Mac- 
Culloch, when publishing, at the lieginning of our con- 


^ Johann Peter Wiiasmikh (1707- 
67) published, ill the year 1711, a 
book with the title ‘Die 

gottliche Ordnuiig in den Verander- 
uiigen des mensehliuhen Ueschlechi s, 
aub der Oeburt, deni Todc nud dor 
l^Virtpllanzung dessolben ei wie-sen 
von Johann Peter Siissniilch, Pre- 
diger beym hochldblicUeu Kalck- 
ateinihchen Regiment. N e 1 ibt ou ler 
Vfjrrede Herrii Chidstian WoIfeiK ’ 
The book, as well as the author, 
w^as for a long time but little ap- 
preciated ; for although the former 
was dedicated to Frederick the 
Ureat, and must presumably,^ to 
^udge from the several editions 
which appeared, have been made 
use of in the statistical labours of the 
Prussian administration, the author, 
not liaving been connected with any 
university, had, for a long time, 
little influence on the so-called 
university school” of statisticH, 
In the course of the last tiCty yettrs, 
all prominent writers on statistics, 
such as Wappaus, Hoscher, vou 
Oettingen, Knapp, and V. John, in 
Germany, M. Block and others in 
X^rance, as also Italian ivritors on 
statistics, have taken increased 
interest in the book. Br V. John 


(Mlohcbichte der vStiitistikd vtd, i. 
p *jn, ) give.-, an cxbmihtivc 
analysis of tlio work. Flo cmIIs the 
author “the fir.'tt >.t!ifcisti('ifm in the 
modern tin* precursor of 

Quotcld, und .".ly^, moreover, “Ft 
is (‘ftvsily explained how the jihilos- 
opher Hiissmilch would vanish into 
the background as soon an the con- 
ception <rf the cucyelopjedihtn, that 
only matter in motion exists and 
no mind, came to be generally 
atMiepted, and that the politician 
Snssmilch should utterly tUsappear 
in the turmoil of the French 
flovointion.” Von ni^ttingen, who, 
on the other side, agrees in accept- 
ing with Suftsmilch the existence 
of a Biviue or moral order, says of 
thft latter, tliat “ he has become, 
through his mngniticenfc labours, 
the founder of tJm sdence wliidi 
wo no\v pall moral statistics, ” inas- 
much as he, *‘for the First time, 
repognihcd the intrinsic regularity 
in Bit* apparently most acci<kmt,al 
human phenomena and actions, and 
tried to eHtablish it by indutstive 
methodH'*'' (* Moralstatistik,’ Jird 
ed., 1882, p. 21), That he was 
known to Herder and appreciated 
hy him, we saw p. 526 note. 
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ihn Graiint- 
■d 


tury, his ' Statistical Account of the British Empire/ 
had hardly any similar work to refer to during the 
whole of the eighteenth century. 

The exception just referred to was “The Tables of 
Mortality,” which date back to the middle of the six- 
teenth century, and in a more regular form to 1G03. 
They were analysed by John Graunt, captain, in 1661, 
in a tract with the title ‘ISTatural and Political Obser- 
vations upon the Bills of Mortality.’^ Of Graunt’s" 
work, M. Maurice Block says that the difficulties of 
preparing such a table at that time were so great 
that it might wellnigh be considered a performance 
of genius. The invention once made, improvement 


^ The tiact 'sva*? presented to the 
Royal Society in 1662, and printed 
by order of the latter in 1665, the 
author becoming a fellow at the re- 
quest of the king. V. John gives 
a full account of the book, and as 
much of the author as he could 
collect from the scanty records 
of him which exist (ho. cit, pp. 161- 
178) He was born in 1620, was a 
man of buhiness, and latterly became 
connected with the Gresham College 
and with sundry matters pertaining 
to the administration of the City. 
He died in 1674, In 1676 a new, 
sixth, edition of the tract was pub- 
lished by Sir "W. Petty, 'whom both 
Halley and Evelyn erroneously 
referred to as the author. 

® ‘ Statistique,’ p. 194. Siissmilch, 
a century after Graunt, says that 
the material for the determination 
of the ‘Divine Order’ existed in 
the parish registers since the time 
of the Reformation . “ But who,’ ’ lie 
exclaims, “made use of it for this 
purpose before Graunt ? The dis- 
covery was just as easy as that of 
America, but the Columbus was 


lacking” (quoted by V. John, loc, 
oit, p. 177). The author, however, 
who suggested to Sussmilch the re- 
searches which led to the celebrated 
‘Divine Order,’ was not John 
Graunt, but Dr William Dorham 
(1657-1735), an eminent divine and 
natural philosopher, who published 
in 1713 his ‘ Phy.sico-Theology ; or 
a Demonstration of the Being and 
Attributes of God from His Works 
of Creation,’ a book which ran 
through six editions in ten years, 
being translated into French and 
several times into German. This 
book contained, as Sussmilch him- 
self says, besides numerous notes, 
a collection of the observations of 
other English authors on the lists 
of births, deaths, and marriages. 
On following up the clue given by 
it he arrived ultimately at Graunt 
and Petty, of whom the former 
had, as he says, broken the ice, 
whereas Petty had mainly dis- 
cussed the influence of the changes 
of population in politics (V. John. 
‘Statistik,’ p. 243), 
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was easy, the invention w’as the cliilicultr. The 
next great name connected %vith this subject was 
the astronomer and niatheniatician E<lniimd Halley,^ 
who had before him, in addition to John Grauut’s 
work, the figures of birth and nnjrtahty during 
the five years 1686 to 1G91 collected by Ivaspar 
Keumanu for the city of Jireshtu, capital of the 
province of Silesia. Tables of mortality, based up(»n 
several thousands of life annnities, \v(oe ])re]>a.red iu 
Holland by order of the Grand iTusinner, John de 
Witt, and used in 1671 as the ))asis for a l(»an in 
the form of annuities,” The growing praetieo of 
life insurance, as is well knowm, a1tac*h(‘s a, giuat 
interest to these tables (»f mortality, wliich have Ijcen 
slowly perfected iu the course of the hist Iiumired 
and fifty years; it having bfam reserved for the labouis 


^ F'or a lon^ time i« wan la)! 
known how Halley came into 
lK).s«eMHion of Kaspar Neumann’s 
mortality - tables ; ]»ui, in recent 
times, mainly throu^;h examination 
of the local records of the cit.y of 
Breslau by Bergius and others, and 
notably by ibo aid of S. <3ratwn’ 
(‘Edmund Halley und Hawi)ar 
Neumann,’ Breslau, 188;i), it has 
become almost certain tlnd, Neu- 
mann’s registers were communi- 
cated to tlie Koyal Society by m* 
less a ])ersou th{«) Leibnii^, who 
corresponded with Neumann on 
the one side as well as wit.h the 
.secretaries of the Royab Society on 
the other. Some of the oidginal 
documents have been tra(?ed itj 
the archives of the Society bj’^ Dr 
Bond and Prof, Burdon Sandemon. 
It is well known that Leilnn*!! him- 
self attached great importiume to 
accurate statistical knowledge of 


all kinds, an<l eon.Mdcml tlie collot - 
tion of such be nm* f»f tbo mum 
iluties of the ^arion^. afMdeiiiif*s 
which be jdanned or founded, 

*’ *" Lft gr.md penUonnuin^ do 
HoIIande, Jc.ut de Witt, -e fondant 
'.tir les oalenis de probabititi*.'* en- 
.'.eigiuM par Dbndien iln\ifens, 
Hervit, comme tdtbncnts dVilMoxa- 
tion, dcK jHMuitat . con ‘.late- .yr 
«|ue]i|Ut*s milher.-' de rentie-r.s vja- 
gers. n presojita su tabh^ a,ux 
etats gibnVanx to 25 avril Pol, 
]*our Hervir de iia-'e a uu em{»runf 
fait l.i forme d’ainmitds via- 
gcrcM. (t‘tte table eildc par .M. de 
ftamnhaufM’, s<* trouve dans les 
rcgi.stres d<‘s ctat?, de ffollande, 
iiimee ld71 ' Bl<ick, /or, r/j?., p. 
lUU). A triUHlatiun of this tlocu- 
incnt appeared in * Oimtnbut ions 
to the ni(stt»ry of limirance’ liy 
lA fieiidnk.s, *Ass, Mag.,’ vol. li., 
1852 . 
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of quite recent writers^ to place the whole matter 
upon a thoroughly scientific basis. But it is not these 
necessary technical refinements that interest us most 
at present; rather let us take note how the needs of 
governments, as well as the uncertainty and risks of 
life, have automatically led to the definition and study 
of three distinct statistical conceptions, which in our 
age govern a very large part of all our practical 
obibity These three conceptions are the proba- 

future events based upon long series of past 
experiences, the idea of reducing or averaging risks 
by amicable co-operation, and the “ equitable ” dis- 
tribution of the burdens of such co-operation according 
to the individual units who co-operate. “ It will at 


^ It is generally admitted that 
Prof. G. F. Knapp created a kmd 
of era in the more rigorous mathe- 
matical treatment of the subject 
by his various publications, dating 
from the year 1868 with his tract 
‘ Ueber die Ermittelung der Sterb- 
lichkeit aus den Aufzeichnungen 
der Bevolkerungs - statistik,’ M. 
Block (loc, cit., p. 232) says ; ‘*Ce | 
hvre a fait une vdntable sensation ' 
parmi les hommes sp^ciaux; non 
que Vauteur ait apport^ beaucoup 
de nouvelles pierres k i’^difice, uiais 
il a donnd k ces pierres une ordon- 
nance, une disposition qui les con- 
stituent un monument.” In the 
year 1 874 he published his * Theorie 
des Bevolkeruiigswechsels. ’ Many 
other writers have followed in the 
new track, among whom I will only 
mention Becker, Zeuner, and Lexis. 
The graphical method is largely 
employed by these authors, amongst 
w’hom Zeuner resorts to a repre- 
sentation in three dimensions with 
some very elegant results. See his 
‘Abhandlungen zur mathematischen 


I Statistik’ (Leipzig, 1869). A hijs- 
torical and critical review of these 
I and older writings is given in the 
! last-named work of Knapp, p, 
t53, &c. See also Prof. Lexis’s 
‘ Einleitung in die Theorie der 
Bevolkerungs-statistik ’ (Strasburm 
1875). ^ 

This is not the place to dis- 
cuss the social and moral aspects 
of co-operation, which by future 
historians will possibly be looked 
upon as one of the very few novel 
political ideas which our century 
has evolved or at least elaborated 
in a practical form ; the older co- 
operative attempts, such as were 
made under tine influence of the 
ideals of the great Revolution by 
Fourier, Saint Simon, and Bal^euf 
in France, and by Robert Owen in 
this country, not having contained 
the elements of permanent success. 
These elements seem to l^elong 
almost exclusively to the line of 
development started by the “Roch- 
dale Pioneers.” 
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once be seen bow all arrangements -which are leased 
upon these three conceptiouK — viz., probability, co- 
operation, and erjiiitable distj ibiitiou — lead us away 
from the study of individual cases to that of totals 
and averages , how they merge the interests of single 
pei*sons and tlic peculiarities of single cases in those 
of the aggregate of a large number and the properties 
of the average event or tlie “ mean ’ man. Their 
value and success depeml on the (ionsideratiou and 
participation of hu‘ge numbers, and liavo acc.ord- 

ingly only arisen during the latter days uhich have 
witnessed the steady growth of modern ])opulations 
and the ])ewildoring comidication of niodorn business. 
The moral or social aspect which has simultaneousiy 
been evolved during our ptiriod <locs not for the 
moment concern us. W(i are concerned at present 
only with the faxii that statistics as the science 
large numbers and of averagt^s has 1>con increasingly 
drawn into use. In fact, we might call <mv century 
— in distinction from former cent.uries — the statistical 
century. 

The necessity of luiving recourse to tdaborato comdaiigs, 
to registrations of births, deaths, and marriages, to lists 
of exports and imports, to records of consumption and pro- 
duction of food-stuffs and many other items, forced upon 
tliose who wei^ entrusted with the gathering and using of 
these data the observation that all such knowledge is in- 
complete and inaccurate* Owing to the variability, within 
certain limits, of recurring events ami the errors of count- 
ing and registration, wa have to content ourselves always 
with approximation instead of certainty. Error bulks 
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f Chances. 


very largely in all statistics, and vitiates them ; and as 
regards coming events, our minds are in a state of ex- 
pectation rather than of assurance. But events can be 
more or less probable, errors can be greater or smaller, 
cumulative or compensatory, and our expectations may 
be well- or ill-founded And so there has arisen the 
science of Probabilities and of Chances, and the Theory 
of Error, two subjects intimately interwoven. Tlie 
former arose in the seventeenth century out of the 
frivolous or vicious practice of betting and gambling,^ 
whilst the latter was founded when astronomical observa- 
tions accumulated, and the question presented itself liow 
to combine them so as to arrive at the most relijil^le 
result The greatest mathematicians and philosophers, 
such as Pascal, Huygens, and Leibniz, the Bernoullis, De 
Moivre, Laplace, O-auss and Poisson, liavo bestowed much 
thought on the subject,^ which has nevertheless been very 
differently judged — praised beyond measure by some, and 
ridiculed by others ; sometimes pronounced to lie merely 
common-sense put in figures, and then again wrapped up 


^ See mpra, vol. i. p. 120 sqq. 

^ In addition to the references 
given in vol. i , the following are of 
importance. The history of the 
Theory of Probabilities, as stated 
above, has been written by Isaac 
Todlinnter. This history brings 
the subject down to the writings 
of Laplace, whose two works 
mentioned in the text still re- 
main the two standard w'orks 
on the science. In quite recent 
times the history has been written 
and brought up to date by Prof. 
Emanuel Czuber in his ‘Entwick- 
elung der Wahrscheinlichkeits- 
Theorie und ihre Anwendungeu/ 


contained in the seventh volume 
of the ‘ Jahresbericht der Ueut- 
schen Mathcmatiker Vereiihgung ’ 
(Leipzig, 1899). The latter work is 
written on a different principle from 
that of Todhunter. Whereas Tod- 
hunter deals in^separate chapters 
with the work of the foremost 
mathematicians on this subject, 
Prof. Czuber gives an independent 
historical and critical analysis of 
the diitereiit developments of the 
theory and its applications. Quite 
recently the same author has pub- 
lished an independent treatise on 
the subject (Leipzig, 1902). 

3 
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in appalling mystery. Tlieie is, however, no duulii that 
the Theory of Probability increasin'ily peivades scicnliHc 


as well as statistical work 


^ In hjnte of the encoinium on 
the theory of ])iobabilitiGrt 
in \u] i. p. 12.‘h Sir John Hci.sdiel 
gave only a <]ualihc(l ii<lh(*iuife to 
one (J ifc>s principal applications 
(wee ‘lint. A!^soc. liep,’ vol i. p 
nio). The two foremost adverse 
crltlc^ of the theory weit> Au;iU-0* 
Cornte m Fmnce ami .lohn Stuait 
Mill in Englaiul. In Ihe 
volume of the * I'luhKsophie Fom- 
tive’ (Ist ed , ISJJfn p. J7J) th(‘ 
former explains wliy lie uniitie<l 
to deal with so impoi tiuit a ‘'Ubject 
in hiH mathemaiuiaJ jdnloMiphu 
“ Ta* ealeul des ]>ro)>fdtilite'H ri(* me 
seiiible au)ir I'le ri'elleiuent, pour 
sesillustres invmi tears, ((u’nn tevto 
commoile a d’ingi iiK'ux el. dilhede.-N 
jnoblenios nnimh iqiie'^.tjui n'en eon 
.serveut pas liioinH toul.e leui \aleui 
abstruite, eomme les thiMiiies ana 
lytiipies doiit il a <''te <‘nsuite I'oc- 
etisitai, oil, si Ton veut. rorigim*. 
(liuant t'l la eone(‘ption pliilomo- 
phipue sur l.i(|Uelle re]K;-«e une lelle 
doctrine, je Ja eroi-. radic‘alemenl. 
i’aiiHse nt, su^eeplllde d(‘ e<mduiie 
anx pht'. ahsnnles eons«tjuenees. 
Je ne par In pa.s smilenient do 
rajiplieation in'idf-inmeiit dlu.’.oire 
tjuhjH a souvent tenti' d’<‘H faire 
an jireieiidii ]M‘rfed ioiiiiemoni. den 
sciences soeiah*.-! ; <'(*s eH,Nais, ne«Mi.s- 
sairenient ehinu'riijues, seront ear* 
actJrise,'*. dans la dernit*)'e partie de 
cel- ouvrage/’ : at|^l in the fourth 
volume (IHdih ]>. “(/a seule 

uberraliou <h‘ ee genre . . . eVsi 
la va.ine pretention d’un grand 
nniubre de gi'ometres a reiidn; 
positives les etudeM Hociales d'apres 
une subordinat-ion ehiTin'nrpio a 
rilhiHoire theorie mathenmlhiuf^ 
(les chanees* . . . (Jiuehjue gi'os* 
siCTC <jue suit dvidnimuftnt une 
telle illushm, ello dfcait neannioniH 


in our age, and llml in tlie 


e-^'.entHilleimmt <*\eu,sal Je, tjuand 
. i’c.'.pnl ‘‘nmiennnei’t phil(»>< »piii( pie 
de I ilIU'^tK' JcU'ipiCrt i>einoulii 
coih'uI. ]o piennei. i el lc pL‘n."(‘e 
gi'iifiale, ilijul la jModutUou, a line 
t-ciie opdfpje. con"! itnail nadleimmt 
lenn'cioux <‘t ii i M‘ii-,ai)le m oiptimo 
dll bf*',oin ]ii I’lihituH'* pouj*ee Icinjv-i, 
luais ani n s jxmvaHj fti( einoiiv*' 
UK me aiii'i tjue ]jar une intciin'enee 
' ' raiment .*.11 pt-rieui e * John S( nail 
Mill, in tie* .s(‘eund \olume ot hi" 

'■ Logn h.'i' devoh^d a ulioh chapOn 
to t.lu* 'nhi(*rt, ni vhit h lie eoir(*ct'i 
a >tatt*mt‘m, ruade by him tii the 
1h>t<*dition of In'* honk, atti ilaiting 
a ‘Mund.tmenI a1 lidhu*) ti» the 
fuguiiieni" f»f bin>l<»ee and la-hm* 
, inal hemal leiaus, Iml. mnertheless 
lain*- an mdavomahje view ot th«‘ 

, useful IK •" of the ealculuK. In 
nioie ]e«‘ent tJme> the •mhjeet ha* 
' been exhaustively treated from a 
I logical p«tint of view hy Mr Jdin 
; Venn ni hi^ \v»*rk, "The L<»gie ot 
Chance ’ bijd ed,, liomhtji, 
and by Stanh*y Jevons ui "Tin* 
I’riueiph‘s of Sci»‘iice ’ (vol. b eh. x.) 
The ihmhta with ubitdi Mill, and 
.'*Ull more ('oiutc, n‘gard(‘d the 
.subj<*ct., H‘eii< to have been dis- 
pidled in Works (ui Logi<' ? and the 
i merea^iiig to whieli th(‘m(‘lho<L 
i for the t‘orrecl ion of iMTor have 
j Immui jfiit in many hraiiclnM of 
I scienee have cmivinced malheina- 
I li(*ian.s of its appHi'ahiliiy, 
j ninth edition of the ‘Kni'y. Ilrit.’ 

I (Mmtitins an (*xe(Jimit arthdii on 
! “Frobubilities b^v M. W, Orofton, 
; .Among t.he eh-amst and safest 
, guh!l(»h iu this intricate subject 
I must he counted tin* late Frof. 
, Augustus de Morgnu, wlntse pro- 
' fonjnt treatim* in the ‘Kn(5,\. 

■ MetropJ (voh iib), as well as Ids 
' ’ Eewiy ini Probajdlities’ (London, 
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Jondoreet. 


course of the last hundred years much has been done to 
make it more easily understood. 

James Bernoulli had already in his celebrated book 
which bears the title, ‘ De arte conjectandi,’ promised 
to show the application of the mathematical doctrine 
of probability to political, moral, and economical sub- 
jects,^ but the fourth and last part of the book which 
was to give this, remained unfinished. It was left to 
his successors, notably to Daniel Bernoulli, to take up 
this side of the question. But the first practical states- 
man who — as we are told by Condorcet" — held tlie 


1838), still rank with the best 
that has been written. Stanley 
Jevons suras up his opinion in the 
words ; “ This theory appears to me 
the noblest creation of the human 
intellect, and it passes my concep- 
tion how two men possessing such 
high iutolligence as Auguste Comte 
and J. S. Mill could have been 
found depreciating it, or even 
vainly attempting to question its 
validity. To eulogise the theory 
is as needless as to eulogise reason 
Itself ’’ (‘Principles of Science,’ 
vol. i. p. 227). 

^ James Bernoulli (1654 -1705) 
was the eldest of the celebrated 
family of mathematicians. Daniel, 
his nephew, lived half a century 
later (1700-82). The ‘Ars Con- 
jectandi’ was published posthum- 
ously in 1713 by Nicholas, another 
nephew of the author. In a letter 
to Leibniz the author says : “ Ab- 
solvi jam maximam libri partem, 
sed deest aelhue prmcipua, qua 
artis conjectandi principia etiam 
ad, civ ilia, moralia, et oeconomica 
applicare doceo.” Daniel Bernoulli, 
as we saw above (vol. i. , chap.^ v. p. 
434), was the father of the kinetic 
theory of gases, of which more 
hereafter. He was also the first 
to make a distinction between 


mathematical and moral expecta- 
tion, — a difference which led 
Laplace to distinguish between 
“ fortune physique and “ fortune 
morale,” to which reference \\as 
made in connection with Fechner’s 
psych< )-phy sical m eas ureineu ts 
- ‘ E'asai sur I’application de 
1’ Analyse a la Probabilite de.s De- 
cisions, Rendues a la pluralite 
des voix’ (Paris, 1785) “ Uu 

grand homme, dout je regretterai 
toujours les lecuiis, les exemples, 
et surtout I’amitio, 4tait persuade 
que les verit^s des sciences morales 
et politiques, sont susceptibles de 
la raeme certitude que celles qui 
forment le systerne des sciences 
physiques, et meine que les 
branches de ces sciences qui, comme 
I’astronomie, paroissent approcher 
de la certitude mathematique. 
Cette opinion lui etait chore, paree 
qu’elle conduit h I’esperance con- 
solante que I’espece humaine fera 
ra^cessairement des progres vers le 
bonheur et la perfection, comme 
elle en a fait dans la connois- 
sance de la vdritA” It is evident 
from this extract that Condoreet 
(1743-94) thought that hi.s friend 
Turgot shared his own well-known 
opinions as to the unlimited per- 
fectibility of the human race. 
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view that morals and politics might derive the same 
benefit from the science of calculation as the physical 
sciences had ab'eady experienced, seems to have been 
Turgot. To show the iiiipoitance of tliis view, Coii- 
dorcet wrote his much (pmted lait little read essay on 
the application of analysis to decisions based on tlie 
plurality of votes. in Ins Introduction the author 
laments that his friend, on whoso suggesticnis lie had 
commenced his work, did not live to see it finished.^ It 
would have been interesting to km»w whether so emh 
nent a practical philo8oi)her as I’urgot is considered to 
have been, would iiavo be(3n encouraged by his frlimd’s 
specimen of jiolitical algebra, or whether he svould have 
held the opinion of Mill, who saw in tliese aj>pli- 
cations of the calculus of ]>robahilities . . • tht^ real 
op])robi*iiiui of mathematics.” 


^ {l,oc,, <'ii , p. i.) “ Si I’huiiKUiiO* 
u’eiit ]>cW eii lo iiialheur, 
iiivp<i-ni))l<.3, do le pcrdrc trop tot, 
c(‘t ouvi'ii^a* i!Ut nvnnw iiapar- 
tut* de-laird par HOHConseilH, j'auroiK 
vu iiiiftUK on pluH loin, t;t j’auroiH 
avaiici'i avoc phih do cniifiaiieo dtM 
priueipoh cpii auroknit <'t<‘ lew hioiks. 
JTivd d’uii tol ^(uiflo, il iie nio r<,Nste, 
(^u’a fairo lx na uu'utoire rhoioiuage 
(Ic luoii travail, on faiwuit toiiM ihoh 
efiortw pour lortMidro moinis indij^uo 
do ratniti/* dtmfc il m’luaioiHut.” 

Thoro in no doubt that the 
writiujufri of CtnnluMtCJOt, t-hnmgh Uj« , 
UKuless aocuniulation of formula* i 
with very Utile Hub,stan<‘e behind ' 
thorn, conUnbutod to hriiii? ibc i 
wliolo theory into dincredit. An- 
other still more eminent contom- 
porary mathemalioiau, D’ Alembert, 
after having oooupied himnelf at 
cuimiderable hmgth witlnprtddouiH 
in probabilitioHi formed an un- 
favourable opinion of the UHofulnefiH 


of tbo eaieuluH, Uouraud (<{uoted 
by Todinunter, lihS) Bays ; “l^uant 
au roMte des niathdinaticieiih, co ne 
tut 4U0 par le Bik‘m;e ou hi <hVhunt 
<juhl rdpoudit aux doutCH quo 
I d’Ahimhert w’dtait permin d*dmcttre. 
Mdpns injuHte «»t. malhabile oh tout, 
lo mottde avait d por<lre et qu’uiie 
pohtdritd inouih prdvonuo no devaifc 
point haiuitionmir.'* It Ib intercBt- 
ing to note that Lapluee, in hiK 
hiBtoneid fuicount at the end of hiB 
* BWai iUiiloBoplaque,' docB not 
refer oithor tf» (’ondorcet or tf> 
D’Alembert. , 1 . S. Mill (‘Logic/ 
vol. ii. p, dd) sayH ; “ It in <d>vif>U8, 
tofi, that even when the proba- 
biliticH are derived from observa- 
ti(»n and experiment, a very alight 
improvement in the data, by better 
obHorvationn, or by taking into 
fuller couBithiration the Bpecial cir* 
euniMtauceB of the caHe, iw of more 
u»c than the mowt elaborate appU- 
cation of the oalculu« to probalnl- 
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So far as the formal part of the subject was con- 
cerned, it was left to Laplace to place it on the founda- 
tion upon which it has ever since rested. He brought 
together the ideas of his predecessors, notably of 
De Moivre, the two Bernoullis, Stirling, Bayes, and 
Lagrange, as well as his own extensive researches, in 
his great analytical theory of Probability, which ap- 
peared in 1812 , and, with several editions and an 
elaborate introduction, in two subsequent editions during 
his lifetime. This work has been justly considered a 
monument of human genius, and stands worthily beside 
the great ‘Mecanique Celeste’ of its author. The 


ities founded on the data in their 
previous state of inferiority. The 
neglect of this obvious reflection 
has given i ise to misapplications of 
the calculus of probabilities which 
have made it the real opprobrium 
of mathematics. It is sufficient to 
refer to the applications made of it 
to the credibility of witnesses, and 
to the correctness of the verdicts of 
juries.” I liave already referred to 
the position which Comte took up. 
De Morgan, with his usual clear- 
ne.ss and wisdom, at the end of his 
* ‘ Theory of Probabilities ” (‘ Ency. 
Metrop.,’ vol. ii. p 470), whilst 
reducing to a very narrow province 
these applications of the calculus 
of probabilities, says : ‘‘There are 
circumstances connected with the 
mathematical theory of independ- 
ent evidence which it may be useful 
to examine. In this, as m several 
other preceding investigations, it is 
not so much our wish to deduce 
and impose results, as to inquire 
whether these results really coincide 
with the methods of judging which 
our reason, unassisted by exact 
comparison, has already made us 
adopt. The use of the process is, 
that both our theory and our pre- 


conceptions thus either assist or 
destroy each other : in the former 
case we feel able to trust this 
science for further directions , m 
the latter, a useful new inquiry is 
opened. For when we consider the 
very imposing character of the 
first principles of the science of 
probabilities, and the mathematical 
necessity which connects those 
simple first principles with their 
results, we feel convinced that, 
even on the supposition that the 
main conclusions of the present 
treatise are altogether fallacious, 
there must arise a necessity for 
investigating the reason why a 
methodicobl treatment of certain 
notions should lead to re.sults in- 
ctin&istent with the mriue appli- 
cation of them on which we are 
accustomed to mlj. For it must 
not be imagined that opposition to 
the principles laid down in this 
treatise is always conducted on 
other principles : on the contrary, it 
frei^uently happens that it is only 
a result of themselves obtained 
without calculation, which is ar- 
rayed against arithemetical deduc- 
tion.” 
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labours of uiatliouiaticiaiis since Laplace in tlie field of 
probabilities liave ctHisisted iiuuiily jii coninientai’ies on 
and siiapiilicatioiis of Ins expositions^ and in a great 
iinproyeiuent in tlie iorinal met hods, due mostly to 
English workersd At ]>rese,nt we ai'e Jiot niteiested 
in the purely mathematiea] side* of the subject, \Ylueh 
for some niiiids lias a great faseimition, In it rather in 
the ({iiestion : To what (^xtent Iium* the antiei])ations of 
such men as rondoimd-, Tm'gc»t, and Lajduce, as to the 
practical value of these r(‘S(‘areln\s, been I'ladised in how 
far have they ]>roved to he ‘ the h.‘ri)])iest .sujjpkanmil 
to the ignoi’anee and w<‘akness of tlu^ liimian mind " ^ - 
This idea, though ridiradi^d ly some, has as often ('r(>]>]K‘d 


' Tho jitoht’iii.'. l»y ili<‘ 

(NilculuH of ies U'-c, 

colliildrany, t-o imjuji’tiuit. 

iiKithcMiiatiosU d<‘Vol(»})iii(Mit.'4, nut. 
alily tlu‘ <'umt>inatoT lul jnuilyhL, 
tho eatiulnh uf tinitc 
jind, ill the hainlM uf tho 

the»try of funutiun and 

thi‘ msiH'ront ncrio.H, A lar^uj inirt 
of n!q)lac‘(»’H prat wi>rk ih taivini 
up with this jmrfdy mathmuiHral 
devior. It haw in mum 
iimtiw brrn supplaiitrd, eM|«j«*irdl,v 
imdrr fctie handw tif K!irH4i tuaUic* 
rnatiidauw, hy Ihr ralcuius <d’ <»{«*»•* 
atiuTiH, of which the f" t«* 

found, accurdiiij^ iu Uaphu-c. in a 
‘‘t Ivcihni'/ (mmi ‘ Ks/ai 
rhiluwophiiiiK* Hur h'H FruUahiH 
tew,’ }). (55). 

“ “ TjJi ihduj’ic iiCM Jiruhul)ilitcrt 
ii’cHl, HU fund, <jiic In Jiuu scuh 
rednit au {'.alcul : cllc fait appmdor 
avoc exactitude cc ijue Ich cwpritH 
jnwicH nmitcnt par une wade d’iio 
Htinct, Haim fjuh'lM puiw-scni Kouveni 
hVu midrc cumpte, Htlc nc Ihiwhc 
ricn d’arhitrajo* datm Ic clmix dcH 
upinioim et iIch ]jartin Ji promlre, 
touttm k‘H foiw qua Ton peut, h hon 


int»;;^«*u, duti'inuiau* lu ctoLv hs plu^ 
Hvaiitapnix. Far hu idle ilcvjcnt 
1(‘ wupph'ment Ic plu,'^ heurenx a 
ripjuiaiice ct k la faihlowe dc 
j IWpnt liuimun. Si Tun coUMden* 
j IcK im'thudcH aualytiqm*,', aux- 
j quclIcH ccitc thauric a dijinu' 
i ii}d''sJin<M‘, la vcriU^‘ dew prineip<*!* 

I (jui iui “crvent. de lame, la luj'iijue 
i hue et deiieate nuVxige Umr einphii 
j dan« la sidutiun dca ]n*uhleineH, Ich 
{ uUihliawemenH d’utilite ]iuh]i<jim qui 
I H'H]>piueut wur elli*, ei rextonwum 
j <ju’«lk‘ a rerun efc qu’elie pcuit 
j reeevtur eiieure, par son appliealiou 
; u«x (piewUoms lew plus iinpurtuiiteh 
I d« !h Iduhmophio naturelln et dew 
wiejiees inundeH ; wi I’fiii uhserve 
etiMuite <jue daiiH hm (diowen inantew 
qui ne pf^uvent. dtri* wounuHCrt an 
euleul, elle duune lew np.ereuw les 
plna wiirK <jui uouh piider 

daiiH nrm jugeiiunm, et «ju’eUe a)e 
preud a He gurautir de^ inuwiunH 
qui Huuvt^iit twnH egareut, on venra 
qu'il nVHt point de seknee plus 
- ciigne de uoh inmlitatioim, td <iu’ii 
I Hoit pluH utile de faire entrer 
' dans k Hynifune de riuHtrucUon 
' pubiique** (Ifw, p. 27tl »w/,) 
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up again in the course of the century, and is at present 
occupying the attention of distinguished thinkers. It 
will be interesting to give some account of these prac- 
tical applications. 

Of these, four notably attract our attention. First, 
the theory of error, prominently associated with the 
name of Gauss. Secondly, the writings of Adolphe 
Quetelet, and the great impetus given by him to 
statistical research. Thirdly, the peculiar development 
of the Atomic theory known as the Kinetic theory 
of gases, which gave to many scientific investigations 
what Clerk - Maxwell termed the statistical, in oppo- 
sition to the historical or descriptive, character. Lastly, 
the Darwinian ideas which deal with the great and 
increasing numbers of living things, and the changes 
inherent in their growth and development. These 
have led to statistical enumerations and registrations 
which, beginning with Mr Francis Galton’s researches 
into the phenomena of heredity, are at the present 
moment being continued on special lines by Prof. Karl 
Pearson. 

That Error is subject to law, or, to express it mathe- 
matically, to regularity, is a refl.ection which forced itself 
upon the attention of thinkers who occupied themselves 
with the doctrine of chances, and of statisticians who 
collected registers of large numbers of events. Let 
special known sources of error be eliminated or allowed 
for in every instance, there still remains a very large, 
practically an infinite, number of unknown sources of 
error which — where we have to do with simple magni- 
tude — may increase or reduce our result by mutually 
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destroying or augmenting each other. The repeated 
measurement of a physical quantity, of the position of a 
fixed star ; the arrangement of the bullet niaidvs on a 
target ; the grouping of the impressions made on the 
sand by a stone let fall vertically from the same point 
at a considerable height , even the countings by a large 
nuinber of skilled persons of the same number or the 
estimates of the same distance or height of an object, of 
the weight of a heap of materials : all these statements 
will show a certain regularity around the mean number 
which we consider to be the most probable or correct 
one. Small errors will be more frequent than large ones ; 
very large ones will be practically absent ; and the mean 
will be the result of a mutual destruction oi’ compensa- 
tion of many small sources of error acting both ways. 
Mathematicians, from the time of Lagrange and 
I'lernoulli, have tried to put into a mathematical 
formula this regularity in the distribution of error; 
and, since Laplace and Gauss approached the subject 
from different points of view, they have arrived at 
a definite analytical expression^ for the distribution 
of errors of increasing magnitude around a fictitious 
centre or mean which is considered in every instance 
to be -the most probable quantity. Practical trials 
on a very largo scale have been made by Bessel, 
Encke, Quetelet, Faye, and others, and they have in 
every case yielded a satisfactory approximation to the 
figure given by the theoretical formula; so that at 
present little doubt as to its usefulness exists iii the 
minds of those wlio employ it for the purposes of 

Thiw ia the well-known ‘‘cui’ve of Error."' 
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elaborate calculations in astronomy, geodesy, and in 
various physical and statistical researches. 

Bound up with the theory of Error is the celebrated 
method of least iSquares, first used by Gauss in 1795, 
published by Legendre in 1805 in his memoir 'On a 
New Method of Determining the Orbit of a Comet/ and 
elaborately discussed by Laplace, Gauss, and many sub- 
sequent writers to this day.^ It may be looked upon 
as an extension or generalisation of the common-sense 


^ Jn addition to the references 
given ill the notes to pp. 120 and 
iSS of vol i., I can now reLoninieiul 
two excellent summary accounts 
of tlie history and theory ot tlie 
method ot least squares — the one 
m Ihof Czubei’s ‘Bericht,’ quoted 
above (pp. 150 to 224); the otlier 
in Plot. Edgewoith'n article on 
The Law of Error ’’ in the Sup- 
plement to the laht edition of 
the ‘ Kiicy. Ihit.' (vol xxvin., , 
11)02, ]). 2S0, Sio ) Prof. Cleve- ' 
laud Abbe, in a ‘ * lll^torlcal note j 
on the method of least squaies” ; 
(‘Amencan Journal of Mathe- | 
matics,’ 1871), has drawn attention i 
to the fact, that already in 1808 ■ 
Prof. H, Afh ain of New Brun.swick , 
had arrived at an expression for the 
law of error identical with the 
formula now generally accepted, 
without knowing of Gauss's and 
Legendre’s researches See a paper 
by Prof Glaiftber in the 39th vol., 
75, of the ^ Transactions of the 
Koyal Asti onomical Society.’ The 
logical and mathematical assumji- 
tions upon which the method is 
based have been submitted to re- 
peated and very searching criti- 
cisms, many rigid pi'uofs having 
>>0611 attempted, and every sub- 
sequent writer having, seemingly, | 
succeeded in diBCovering flaws in i 
the logic of his predecessors. In 
.connection with another subject, j 


I may have occasion to jioint 
out how nearly all compile, ited 
logical arguments have shown 
.similar weakne.ss, and how, m many 
cases, the conviction of the coitclI- 
ness oi u.setulue.'sK of the aiguiueut 
comes back to the selt-cvulenee of 
.some common sen.se assumption, 
W'hicb c.amiot lie jiroved, though it 
may be umvcTsally accejiteil. Many 
analyst, s )nv\e tried to ]nove the 
correctness ot the everyday pioceiss 
of t<aking the .arithmetical mean, 
but have failed. Prof. ( Vatber says, 
inter alia {/or. cU., ]>. l.^>9); “The 
fact that Gauss, m his first demon- 
stration of the method of least 
squaie.s, conceded to the arithmeti- 
cal mean a deliuite theoretical 
value, has been the occasion for a 
long serie.s of inve-stigations conceiii- 
ing the .subject, which trequently 
showed the great acumen of their 
authors. The purpo.se aimed at — 
viz., to show that the aritluuetical 
mean is the only result which ought 
to ]>e selected a'^po.sses.sing cogent 
necessity, hereby giving a hnn 
support t<o the intended proofs, has 
not been attained, because it cannot 
>>e atLiiiied. Nevertheless, these 
investigations have their worth be- 
cause they afford clear insight into 
the nature of all average value.s and 
into the position which the arith- 
motioal average occupies among 
them.” 
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method of taking the arithmetical mean in determining 
what figure to accept in a number of slightly dihering 
computations. Where more than one quantity is to be 
determined — for instance, where from a series of obse 3 ’- 
vations dotted on a chart the continuous curve which 
marks the course of a planet or comet is to be deduced 
— the simple method of averaging cannot he applied. 
Every set of three complete observations suftices, as 
C4auss has shown, to determine the elements or con- 
stants of an elliptical orbit. But astronomers try to 
get as many observations as xjossible, and none of these 
is a repetition of the same observation — as, for in- 
stance, are the repeated weighings of a substance in 
chemistry, of the measurings of a length in surveying, 
or the counting of a nnmbor in statistics : on the con- 
trary, each is the independent ascertainment of definite 
positions in a moving object. It is clear that the 
method of averaging must be more general than the 
common-sense method of taking the arithmetical mean, 
but must — where the latter is applicable — coincide 
with it. It has been shown that the following rule 
answers this purpose. Fix the avei'age constants or 
elements so that the sum of the squares of the difler- 
ences between the observed and calculated positions is a 
minimum. In mathematical language this results in the 
algebraical determination of the constants in an equation. 

Whereas the labours of Gauss and the school of 
astronomers which he headed in Germany wei'c mostly 
occupied in the mathematical proof of this rule, atid 
in its applications in astronomical and geodetic com- 
putations, the doctrine of probabilities acquired a laiger 

VOL. IL 2 0 
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19 . 

aplace. 


meaning and attracted much popular attention in Erance 
and Belgium through the dominating influence of La- 
place. He had not only collected in his abstract and 
very difficult ' Analytical Theory of Probabilities ’ all 
that himself and others had done in this line of research, 
but he had in a similar manner to that adopted in his 
‘ Celestial Mechanics * tried to bring the substance of 
the theory home to the non-mathematical student in 
his ' Essai Philosophique sur les Probabilitus/ 

The analytical formuke of probabilities can, he main- 
tained, be regarded as the necessary complement of the 
sciences which are founded on a mass of observations 
which are subject to error. They are indeed indispens- 
able for solving a large number of questions in the 
natural and moral sciences. The regular causes of 
events are mostly either unknown or too complicated to 
be submitted to calculation : frequently also their effect 
is disturbed by accidental and irregular causes, but it 
always remains impressed on the events produced by 
all these causes, and it brings about changes which 
a long series of observations can determine. The 
analysis of probabilities shows these modifications: it 
assigns the probability of their causes, and it indicates 
the means of increasing their probability more and 
more.’'^ Then, referring to the phenomena of the 
weather, Laplace proceeds : '' Moreover, *the succession 
of historical events similarly shows us the constant 
action of the great moral principles in the midst of 
the diverse passions and interests which agitate society 
in every direction. It is remarkable how a science 
1 * Essai Philosophique,’ p, 271. 
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which began with the consideration of play has risen 
to the most important objects of human knowledge.” 

In 1823, soon after the appearance of the works of 20 . 

Laplace and other French writers, this application of 
the theory of probabilities was taken up by Adolphe 
Quetelet, who collected his researches in his cele- 
brated work, ' Sur rHomme et le Developpement de ses 
Facultds, ou Essai de Physique sociale.’’ Quetelet 

^ In addition to this work, which end of the eighteenth century liy 

was published at Brussels in 1836 Win. Playiau in Enghuid, and, 

in two small volumes, and which before him, by (Jrome, professor 

Quetelet (1796*1874) describes as at Giessen, m 1782, and tabular 

a ‘resume de tons mcs travaux syno[»lie.il fttateincnt's going back 

antcrieurs sur la statisticjue,’ to the Daiush writer J. P. 

he published, besides a great Auclierseii, 111 his ‘Uescriptio 

number of memoirs, a series Btatuum Cultiorum 111 Tahulis” 

of ‘ Leltres sur la Thdorie des (Copenhagen .nid Leiji/ag, 1741); 

Probabihtes’ (begun in 1837, pub. sec V. .Jolin, ‘ Geschichtc dcr 

1845, Eng. trans. by 0. Gr. Downes, Statislik,’ p. 88. Referring to 

1849), and as a continuation of Guerry, V. John (p. 367) says: 

the former work in 1848, ‘Du “(Juetelet is incontestably to be 

Systiime social et des Lois qui le legardcd as the founder ot tlie 

regisseut.* Less known than tliose new science (viz., moral statistics), 

of Quetelet, but about the same for the rival works of the 

time, and independently, there ap- Fiench lawyer Guerry appeared 

peared in France the writings of only partly before ( Quetelet and 

A. M. Guerry, beginning with the are excelled by the latter in the 

publication in 1829 — in collabora- use made of the material, Jn- 

tion with A. Balbi — of ‘ Statistique dcpendeiitly of this formal dif- 

oomparde, et Tdtat do Finstruc- ference, the two autliors have 

tion et du nombre des crimes,’ quite dilferent conceptions of the 

and in 1833, ‘ Essai sur la sta- new science. Guerry regards its 

tistique morale do la Prance.’ object as consisting mainly in col- 

The term “moral statistics” ap- lecting data in order ti^ gain an 

pears here for the first time. opinion of the moral status of a 

Quetelet was the inventor of the country. Thus he looked upon 

term “Social P%sicH.’’’ Guerry moral statistics as auxiliary to the 

employed graphical methods, and history of oivilisatiou, <ii!luetelet 

publislaed in 1864 ‘ Statistique went beyond this, inasmuch as he 

morale de TAiigleterre comparde was the first to inquire into the 

avec la statistique morale de la cause of the rryiral level of a 

France.’ M. Block (‘Statistique,* population, and in as much as in 

p. 43) attributes to Guerry and his criminal statistics of Belgium, 

Charles Du pin the general intro- 1833 , he had already given ex- 

duction of the graphical method pression to the fundamental idea, 

in statistics ; geometrical represent- * Society bears the germs of crime 

ation having been adopted at the itei itself.*** 
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was astronomer-royal of Belgium and the founder of 
the Observatory at Brussels. Having opened his career 
by some memoirs on geometrical subjects, he directed 
his attention to q[uestions of meteorology and statis- 
tics, which he was probably the first to extend 
into the region not only of the physical but also 
of the moral attributes of man, studying the phe- 
nomena of crime, suicide, and disease as revealed by 
the criminal courts in France, the IsTetherlands, and 
other countries. 

Subsequently it was mainly through his influence that 
a series of international statistical congresses was held 
in the principal cities of Europe, and a greater uniformity 
in the methods of research and registration attempted 
and partially attained. 

21 Quetelet’s statistical inq uiries centre in the conception 

“ mean ^ 

I ” of the average or mean man who, in a very geometrical 
fashion, is looked upon as an analogue of the centre of 
gravity^ of a body, being the mean around which the 
social elements oscillate. “If one tries,’' he says, “to 


^ Quetelet defines the object of 
his work as follows (‘ Sur FHornme,’ 
vol. i. p. 21) : ** L’objet de cet 
ouvrage est d’dtudier, dans ieurs 
eiFets, les causes, soit naturelles, 
soit perturbatrices qui agissent sur 
le ddveloppement de I’homme ; de 
chercher mesurer Vinfluence de 
oes causes, et lo mode d’aprds lequel 
elles se modifient mutuellemeni. 
Je n’ai point en vue de faire une 
thdorie de I’homme, mais seulement 
de constater les faita et les phenom- 
^nes qui le concernent, et d’essayer 
de saisir, par Tobservation, les lois 
qui lient ces phdnomfenes ensemble. 
L’homme que je consid^re ici est, 


dans la socidtd, I’analogue du centre 
de gravitd dans les corps ; il est la 
moyenne autour de laquelle oscillent 
les dldmens sooiaux : ce sera, si I’on 
veut, un dtre fictif pour qui toutes 
les clioses se passeront conformd- 
ment aux resultiMis moyens obtenus 
pour la socidtd. Si Ton cherche i 
(Stablir, en quelque sorte, les bases 
d’une physique soGiaZCf o’est lui 
qu’on doit considerer, sans s’arreter 
aux cas particuliers ni aux anom- 
alies, et sans rechercher si tel m- 
dividu peut prendre un ddveloppe- 
ment plus ou moins grand dans 
Fune de ses facultds.” 
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establish in some way the foundation of Social Physics, 
it is the mean man whom one must consider without 
stopping at particular and anomalous cases and witliout 
investigating whether some individual can take a de- 
velopment more or less great in one of his faculties.^ 
, . . After having considered man- at different epochs 
and among different peoples, after having successively 
determined the different elements of his physical and 
moral condition, ... we shall be able to lix the laws 
to which he has been subjected in different nations 
since their birth — that is to say, we shall be able to 
follow the course of the centres of gravity of every part 
of the system.”^ In an astronmuical fashion (^)uetolot 
speaks of the perturbing forces and variations, and of 
the “stability of the social system,''^ and compares the 
new science of society to the mechanics of tlie Heavens.*^ 
The inffuence of Laplace and liis scJiool is evident in 
every page of QuetelePs work. Whilst speaking of the 
“ variability of the human type and the mean man 
among different peoples and in different centuries,'' he 


^ ‘ Sur I’HomuQe,’ voi. i. p. 22. 

^ Ibid., p. 23. 

Ibid., p. 26. 

^ Yol. li. p. 338. Quetelet 8peak« of 
the annual and diurnal periodH, and 
continues . “ Les causes rt^guli^res 
et pd7'iodiqucSf quf dependent ou do 
la pdrinde annuelle ou de la pdriodc 
diurne, exercont sur la socidtd des 
efJ'ets plus prononeds et qui varient 
dans des Hmites plus lar^^^es, (^ue 
les etf’ets combi nds non p&iodiqneSf 
produits annuellement par le con- 
cours de toutes les autres causes 
qui agissent sur la soddtd ; on 
d’autres termes, le systdme social, 
dans sa manidre d’etre, parait etro 


plus disseinblable it lui - ineme 
pendant le cours d'une annde ou 
uuune pendant Tespace d’un jour, 
quo fwnulant deux amides con- 
sdeutivoH, si Ton a dgard k Fac- 
croiMHcuiont de la population. La 
pdi'iodo diurnv HeniWo exercer uiie 
inrtuence un peu plus prononede 
que la pdriode miniieUcy du mouid 
en CO qui eoncerne les naissances. 
jja pdriodc annuelle produit des 
effets )dus sensibles dans les 
que dans les villes, et 
il parait on etre de uieme des 
causes en gdndral qui tendon t 
h modifier les faits relatifs 
rhomrne.” 
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anticipates discussions which came fifty years later.^ 
His aim is to arrive at a precise knowledge of things 
hitherto vaguely known and merely sketched by artists 
and literary persons ; but he evidently looks beyond the 
study of the average man to that of individual departures, 
as of special interest to the physician," for instance, 
in the case of disease, and he significantly recommends 
what he calls the “ study of maxima.’’ ^ He regards the 
''mean man in the circumstances in which he is placed 
as the type of all that is beautiful and all that is 


^ Vol. ii. p. 270 : “Les anciens 
oat represents avec uii art infini 
riiomme physique et moral, tel 
qu’il existait alors ; et la plupart 
des modernes, frappes de la perfec- 
tion de leurs ouvrages, ont cru 
qu’ils n’a\'aienb rieu de mieux 
faire que de les imiter servilement ; 
ila n’oni i)as compris que ie type 
avait changd ; et que, tout en les 
imitaut pour la peifection de Tart, 
ils avaient une autre nature a 
dbudier. De Ih, ce cri universel, 
‘ Qui nous ddlivrei’a des Grecs et des 
Remains ! ’ De lit cette scission 
violente entre les classiques et les 
romantiques ; de la enfin, le besoin 
d’avoir une litterature qui fut verit- 
ablement V expression de la soci4U. 
Cette grande revolution s’est ac- 
coinplie, et elle fournit la preuve la 
plus irrecusable de la variabilite du 
type humain ou de Thom me moyeu 
chez les diffdrens peuples et dans 
les cliffdrens sMes,” It is inter- 
esting to see from this quotation 
that the opposition to a one-sided 
classical education emanated at 
that time from the romantic move- 
ment, whereas in our days it is the 
scientific movement which forms 
the opposition. 

® Vol. ii. p. 281 : Comme dans 
le plus grand nombre de cas, le 
malade ne pent presenter auoune 


observation satisfaisante faite sur 
sa propre peisonne, ni aucune des 
eldmens qui lui sont particuliers, 
le mddeem se trouve force de la 
ramener h Edchelle commune, et de 
I’assimiler U Thomme moyen ; ce 
qui au fond semble prdsenter le 
moms de difficultds et d’lncon- 
veniens ; mais peut causer aussi de 
graves rneprises dans quelques cir- 
coustances ; car e’est encore le cas 
de faire observer ici que les lois 
gen^rales relatives aux masses sont 
essentiellement fausses dtant ap- 
pliqudes h des individus : ce qui 
ne veut pas dire cependant qu’on 
ne peut les consulter avec fruit : et 
les hearts sont toujours consider- 
ables.’’ 

® Vol. ii. p. 284 : “ II ne faub pas 
confondre les lois de d4veloppement 
de i’homme moyen k telle ou telle 
dpoque, avec les lois de ddveloppe- 
ment de I’huraanitc. Elies n’ont 
en gendral que plia de rapport entre 
elles ; ainsi je serais tr^s disposd 
croire que les lois de ddveloppement 
de Vhomme moyen restent a peu 
pr^s les m6mes aux difiorens siecles, 
et qu’elles ne varient que par la 
grandeur des maxma. Or, ce sont 
justement ces maxima^ relatifs k 
Fhomme developpd, qui donnent, 
dans ebaque siMe, la mesure du 
ddveloppemebt de I'humanitd.” 
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good.”^ And further, “one of the principal things 
accomplished by civilisation is to draw closer and 
closer the limits within which the different elements 
oscillate which are characteristic of 

There was, howeA^er, another idea besides that of 2i 

^ Social stat- 

the mean man which followed in the course of this 
mathematical or astronomical treatment of social 
statistics — namely, tire seeming negation of the sco]ie 
of freewill and of moral responsibility, which seemed 
inconsistent with the regularity of the statistical rec- 
ords. In his treatise, ‘ Sur FHoinme,’ hhietclet hail 
drawn attention to the regular reeiirreuce of crime 
— of the tendency to crime — as one of the most 
remarkable features in society; which, through its 
physical and moral constitution, “ iirejiares crime, the 
guilty being only the instrument whicli carries it 


1 Yol. ii, }), 287 : “ J’ai clit ])r<5' 
cddeinment que I’homme moyen <le 
chaque dpoque reprdsente le type du 
ddveloppemenb do rhumanitd pour 
cette dpoque; j’ai dit etiooro que 
I’homme moyen dtait toujourH tel 
que le coraportaieiit et qu’exi- 
geaient les temps et k*s Ucux ; fjue 
ses qualitds se ddveloppaicut dans 
un juste dquilibre, dans une par- 
faite liarmonie, dgalement ekngude 
des exces et des ddfectuositds de 
toute espece ; de sorto que, dans 
les circonstances ok il se trouve, on 
doit le considdrer «omme le type do 
tout ee qui est beau, de tout ce <iui 
est bien/’ P. 289: “XTn individu 
qui rcsumerait eu lui-meme, h une 
dpoque dunnde, toutes lea qualitds 
de rhomme moyen, > represeuterait 
k la fois tout ee qu’il y a de grand, 
de beau et de bien.^’ 

^ Yol li. p, 042: *‘Un devS prin- 
cipaux fails do la civiliHation est de 
resserrer, de jdua eu plus, les lirnitew 


daiib lesquellen oHcillerit les difforen.'^ 
dlemens relatifs a Vhorauie. Plus 
les lumibros se rdpandent, tdus lei^ 
dearts de la inoyenne vnnt cu 
diminuant; plu.s, par conxdquejjt, 
110 U.S tfunlon.s it noun rnpprocher do 
ce qui est beau et de ee qm pL 
bicn. La perfoetiliiUtd <le respece 
humaine rdsulte e«>miae une cause- 
flucueo ne{je.‘Hsaii*e de itfuten nos 
reclmreliew. Los dd'fectuoKitd*s, les 
nionBtruoHiU'H <lis]>araishont de plus 
en phiri au phyniipie j la frdMjuem*e 
et la gravite dos maladioK se 
irouvcnl combattuoH avcc plus 
d’avaiitage par les progrbs des 
HcienccB rndtlK^aleH ; les qualiten 
morales de I’honnne n’i'prouvont 
pas <le porfectionnemenH moins 
HeimiblcR ; et plus turns avancerons, 
moiuB leH grands UouleverBcunens 
politiquoH ct lew guerrea, ces fiduux 
tte rimmaiiite, Heron t k crain<lrc 
dauH lours efiets et dans lours 
conHequeuees. 
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iuclcle. 


out ” ; ^ society, as it were, exacting a certain proportion 
of crime, as it does of suicide, poveity, physical and 
mental disease, for the maintenance of its equilibrium 
and as an alarming”^ tribute to its stability. The 
extreme consequences which seemed to flow from this 
doctrine were not drawn by Quetelet, who believed in a 
gradual though slow development of human society, and 
in moral as well as physical causes and influences. They 
were drawn, however, by what we may term the mathe- 
matical school of social philosophei*s, who relied greatly 
upon the figures collected by Quetelet and confirmed by 
others. In this country the statistical labours of Quetelet 
were made known by Sir John Herschel in a brilliant 
article ^ in the ' Edinburgh Eeview ’ on the “ Translation 
of Quetelet’s Letters to Prince Albert on the Theory of 
Probabilities.’' They do not seem to have been regarded 
as detrimental to the moral aspect of human history till 
Henry Thomas Buckle, in his celebrated ‘History of 
Civilisation,’^ made use of Quetelet’s statistics in sup- 


^ ‘ Sur rHorame,’ voL ii. p. 241. 

^ Of. Tol. ii. p. 262 ; also 
‘Systeme Social’ U848), p. 95, 
and the ‘ Mcmoire sur la Statistique 
Morale ’ (1848). 

^ Vol. soil. p. 18. 

The ‘ History of Civilisation,* 
vol. i., appeared iu 1857, and was 
very soon translated in Germany, 
running in a short time through 
five editions. There the statistical 
theories of Quetelet had not made 
that impression winch they made 
in some other countries. This is 
explained by the fact that the 
philosophy of Kant, to which 
Buckle himself referred in a long^ 
passage in his “ Introduction,” had 
long before Quetelet accustomed 


j thinkers to abandon the popular 
I conception of freewill, which sees 
' in it merely the absence of causal 
I determinateness, in favour of the 
j causal connection of so-called free 
I actions with the motives and the 
[ moral character. Tiie subject has 
been very fully discussed by F. A, 
Lange m his weU-known ‘ History 
of Materialism’ (Eng. traus. by 
Thomas, vol. hi. p. 196, &e.) 
Lange refers to a remark of the 
well “ known political economist, 
Prof. Adolph Wagner, who, in his 
work ‘ Die Gesetssrnassigkeit in den 
scheinbar willkuhrlichen mensch- 
lichen Handlungen ’ (Hamburg, 
1864, p. xiii, &c.), mentions the 
fact that Quetelet’s writings had 
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port of one of his favourite theses — viz., that the 
course of historical progress depends on the eoiiibined 
action of the external ]3liysical surroundings and of 
the intellectual side of huinau nature. Apart from 
intellectual modifications the moral side is a con- 
stant. In the course of the discussions following 
the appearance of Buckle's History, es])ecial]y in (-Jer- 
inany, it was conclusively shown that statistical 
hgiires prove neither one view nor tlie other : imlecd, 
one of the most complete and exhaustive treatises 
on moral statistics comes from the orthodox pen of 
Alexander von Oettmgen, a Professor of Theology, just 
as we saw tluit the first great WJU'k on political arith- 
metic ill (Tcrmany came from the pastor vSiissmilch 
a century earlier. Idiiiosophical writers like Lotze ^ 


not m-eivcrt the aldcntion merited : 
“ ThiK rejn'oacli docH not (juiic 
hit the nfi;ht puinl. . . . Wagner 
might, in fact, have Ueeii led by 
Buckle ... to «ee that (Jennan 
philosophy in the doctrine of the 
freedom of the will luih for once 
an advantage which permits it to re- 
gard these now studie.s with ef|unn- 
iniity ; for Buckle supports himself 
above all upon Kant, adducing his 
testimony for the empirical neces- 
feity of human actions, and leaving 
aside the tr.iUHcemlenial theory of 
freedom. Although all that ma- 
terialism can draw from moral 
statistics . . . the pracstiisal 
value of a nmterialiKtic tendency 
of the ago as against idealism has 
thus been conceded by Kant, it 
is by no means indifferent whether 
moral statistics, and, as we may 
put it, the whole of statistics, is 
phaced in the foreground of an- 
thropologittal study or not ; for 
moral statistics direct the view 
outwards upon the real luoasurablo 


facts of life, wliile the Uerman 
philosophy, despite its clearness as 
to the nullity <»f the old doctrine 
of freewdll, still always prefers to 
direct its view inwards upon the 
facts of eonsciouaiK'SS.’* 

^ Lotos deliverances on this 
subject. W'ill be found in the third 
chapter of tlie seventh book of 
the ‘ Microcosmus * (Eng. trans. by 
Hamiitou and Jones, vol. ii. p. 200, 
), and also in the ' Logik ’ of 
1874 (Book 11. chap. 8). In the 
ffirrner passage he says : **Thc dis- 
like with whkdi we hear of laws 
of psychic life, whilst we do not 
hesitate to regard bodily life as 
subordinate to it own laws, arises 
partly because we require too 
much from our own freedom of 
will, partly because we let our- 
selves be too much imposed upon 
by those la-ws. If wc do not find 
f>urselveh involved in the declared 
struggle between freedom and 
necchsity, wo are by no means 
averse to regarding the actions of 
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ticism oi 

tension 

statistics. 


and Drobisch^ have long ago reduced to their proper 
measure the pretensions of statistics, and it is now 
generally admitted that in the sciences dealing with 
human nature and society, as in those which inves- 
tigate purely physical phenomena, observations, figures 
and measurements rarely if ever suffice to establish a 
valid generalisation; but that, if such be suggested by 
other processes of thought, notably through attentive re- 
flection on, and analysis of, single and accessible cases, 
statistics supply the indispensable material by which 


men as determined by circum- 
stances . in fact, all expectation of 
good from education and all the 
work of hi&tory are based upon 
the conviction that the will may 
be influenced by growth of insight, 
by ennoblement of feeling, and by 
irnpiovenient of the external con- 
ditions of life On the other side, 
a consideration of freedom itself 
would teach us that the very 
notion is repugnant to common- 
sense if it does not include sus- 
ceptibility to the worth of motives, 
and that the freedom of willing 
can by no means signify absolute 
capacity of carrying out what is 
willed.” And, further, he remarks 
on “ the extreme overhastiness 
with which the statistical myth 
ha® been built up from deductions 
which cannot be relied upon. We 
have yet to obtain from exacter 
investigations the true material 
for more trustworthy conclusions 
—-material which should take the 
place of the statistical myth above 
referred to. ” 

^ Before Lotze, and as early as 
1849, M. W. Drobisch, the Her- 
bai’tian, had reviewed Quetelefc’s 
Memoir, ‘Sur la Statistique morale,’ 
&e. ; aud later (1867), after the 
publication of A. Wagner’s work, he 
came back to the subject in an im- 


portant tract, ‘ Die moral ische Stat- 
istik und die meiischliche Willens- 
freiheit,’ which should be read by 
every one who desires to form just 
views on the subject. “ In all 
such facts,” says Drobisch, “there 
are reflected not natural law.s pure 
and simple, to which man must 
submit as to destiny, but at the 
same time the moral conditions of 
society, which are determined by 
the mighty influences of family 
life, of the school, the Church, 
of legislation, and are, therefore, 
quite capable of improvement by 
the will of man ” (Zeitsch. fur 
exacte Philos.,’ vol. iv. p. 329), 
After all that has been said by 
Quetelet, Buckle, and others, the 
words of Schiller (‘Wallenstein’s 
Tod,’ ii. 3) still remain the best 
statement of the problem : — 

“Des Mensclien Thaten und Gedanken, 
wisst ' ♦ 

Sind uiclit wie Meores blind bewegte 
Wellen. 

Die innre Welt, senx Microcosmus, ist 
Der tieie Schacht, aiis clem sie owig 
quellen. 

Sie smd nothwendig, wie des Bauraes 
Prncht ; 

Sie kanu der Zufall gaiikelnd nickt 
verwandeln, 

Hab'ich des Meiischen Kern erst unter- 
sucht, 

So weiss loh auch sein Wollen und sem 
Hendeln.*' 
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these generalisations can be tested, elevated to the rank 
of leading canons of thought and research, and in rare 
cases to tliat of the expression of a law of nature. >So 
far, therefore, as the complicated idienoiucna presented 
in meteorology, agriculture, and economies are concerned, 
the suggestions leading to so-called laws have in every 
case been got elsewhere- — from astrtjiiomy, chemistry, 
psychology, history, &c. ; and the work of science has 
subsequently consisted largely in gatliering the necessary 
statistical materials by which to prove, amplify, curtail, 
or refute them. In many cases it has been I'omid tliat 
even elaborate series of observations had n<d been j^ei'- 
formed in such a uiannor'* as would permit of the 
necessary inferences being drawn from them. Simila,rly 
biologists after Darwin liavc liud to rearrange? the? coll<‘<i- 
tions made by those wln» came before the epoch marked 
by that great name. 


^ This refei’S as unich to statist- 
ical figures iiH to the knowledge 
accumulated in many of the natural 
sciences. Especially it the 

statistical material upon which 
Quetelet based hiw star thug an<l 
epoch-making abi'.crtions : the earlier 
critics had, as V. .lohn olihcrvcs 
(* (leschichte der Statistik,’ p. thH), 
dealt with the deduci.ions which 
Quetelet had drawn, without deal- 
ing with the empirical Tuaierial 
itself. It was therefore of great 
importance that l^rof. Rehnihch of 
Gottingen for the first time buli- 
mitted the figurcK thcmHelveH to a 
searching analyHi*^. He did ihiK 
in they<*nrK lK7r>-7(k in his articles 
in the * Zeitsehrift fhr Phil<»H(jphie 
und PhiloHophischfi Kritikd through 
wliich it became evident that the 
infei’cnces were, as Lotze hud 
Iready suggested, tci way the least, 


premature. Ju the memoir * Sur 
le l^enehant au Crime ’ (18?U), only 
four yeaos, and in the work SSur 
rHouiiiK%’ only bix years 
of the *coiupte general,’ furnihhed 
the data upon wliieh the astound- 
ing regularity with which eriine 
rejjoais itsedf was maintained ” (V, 
John, p. IhirO* Heiinisch adds many 
other of tiic extreme iu- 

coinplet<?'iif‘8H of the te<*ords upon 
which the theory of QuetG](*t is 
Imilt up. More recent labours 
have therefore been tf) a large 
exteiit directed towards gathering 
more coinpleto statistied <lata, as 
well as towHi’ds improving the 
uiatheinatical methods themselves 
to which not only these but also 
the population and mortality 
statistics have been submitted, fi>r 
the purpose of arriving at average 
figures. 
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With the scientific treatment of the phenomena of 
human society, the name of Adolphe Quetelet will 
always he associated; yet the mathematical or exact 
school was not the only one which in the course of 
the first half of the century had approached the subject. 
]Srotably in Germany, under the ruling influence of 
philosophical, historical, and critical studies, a school 
of research had grown up calling itself the his- 
torical. If the centre of gravity of the mathematical 
view lies in the conception of a certain uniformity 
and stability of social phenomena, the other school 
looked more to historical changes and developments, 
opposing the doctrine of the movement or of the 
dynamics to that of the statics of society. Its in- 
spiration came from a different quarter, and will 
occupy us in a later portion of this work. For the 
moment it suffices to remark how here also, in the 
study of economies and social phenomena, the develop- 
mental or genetic view has gradually dispelled the 
earlier search for recurrent forms and regularities, 
which we may term the morphological aspect : the 
physiology has succeeded the anatomy of society. 

But statistical methods, with the accompanying doc- 
trines of probability and averages and the theory of 
error, have not only been extensively ^and usefully 
employed where large numbers of similar facts and 
events crowd in upon our observation, and, as it were, 
overwhelm us by their multitudes, as in astronomy, 
meteorology, economics, and political arithmetic: they 
have also shown themselves applicable by what we 
may term the inverse method. Quetelet, when deal- 
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mg with long columns of human statistics, felt a 
relief in studying the average or mean man. Is it 
not possible that in many instances what nature and 
experience show us is only the average itself — our 
senses and our intellect lieing too coarse to penetrate 
to the numberless individual cases out of whicli the 
sum or the average is made up ? May not even the 
simplest phenomenon or tiling in nature be in fact iiti 

an aggregate, a total, and its apparent ])ehavi{)ur and niyhy^^K^s 
properties merely a collective effect Hoth the Iduetic 
and the atomic view of naturial ohjecis and phenomena 
seem to favour tliis way of regarding things, — the 
former showing us in many cases motion and unrest 
where at the first glance we saw only rest, and the 
latter dissolving appiireiitly continuoius juid homogene- 
ous structures into crowds or assemblages of many 
particles. 

Thus the apparently steady pressure of gases is now 
known to he in reality the violent bombardment of 
the wall of tlu^ containing vessid by their mole- 
cules ; and the most homogeneous and transparent 
crystal is revealed, by its optical properties, as an 
assemblage of very minute particles, held together by 
forces which may be overcome by mechanical or 
chemical agencies. IJegarded from this point of view, 
our knowledg^e of natural objects is merely statistical : 
it deals with aggregates ; it is a collective knowledge. 

And if we further consider that the sameness of the 
numberless c<tnstituont particles is by no means proved, 
this collective kimwlodge turns out to be merely con- 
eorned with averages: it is statistical, not individual, 
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inforniatioii that we seem to possess ; it resembles the 
knowledge which an economist may possess of the 
statistics of a society or of the properties of the 
‘ mean ” man. If such be the ease, the theory of 
large numbers and the calculus of probabilities must 
be applicable and useful in dealing with those 
phenomena which, through their minuteness and great 
number j elude our detailed examination. 

The first to introduce this conception of treats 
ing a very large assemblage of moving things by the 
method of averages was Joule, ^ who, adopting Daniel 
Bernoulli’s conception, calculated the average velocity 
which a particle of hydrogen gas must possess in 
order to explain the total effect which shows itself 
as a definite gas pressure at a definite temperature. 
His result was that this average speed must be 6055 
feet per second in order to be equal to the pressure 
of one atmosphere at the zero temperature of the 
Centigrade scale. The speed of the particles, however, 
cannot be assumed to be equal, owing to continual 
encounters ; and we are indebted to Clausius and 
Clerk-Maxwell for introducing the more refined statis- 
tical methods of the theory of probabilities. They 
calculated the mean free path, and showed that 
former calculations of the average speed were in the 
main correct. The kinetic theory of gases afforded an 
opportunity of brilliantly applying the conceptions of 
averages or means and of the differences of frequencies 
as the measure of the probability of certain occurrences. 
In this case — as was first shown by Joule’s figures — we 
^ See vol. i. p. 434, and vol. ii. p. 110. 
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have to do with billions an<l trillions of particles, moving 
with velocities varying from zero to many thousands 
of miles per second: we have therefore to do with 
numbers which practically mean infinity — that is to 
say, we have to do with that condition of things 
where alone the laws of probability become strictly 
correct.^ 

In this case, any deductions which can be made us to 
the average condition or collective beliuviour (jf an in- 
finitely large assemblage of paitudes, whose individual 
members move aljout with inlinitely varying vckx-.ities 
at infinitely varying si)0(3ds in iiiiinibdy varying direc- 
tions, must 1)0 realised in the known Inws of 

gaseous bodies roferring to pressure. vc»lunn*, ex])ansion, 
molecular structure, and licat, assuming the latter to be 
merely the sensihh^ eftect on our nerves of very nuuKu*- 
ous impingements of inlinitesimally small i»artieles. It 
is one of the greatest triumjdis of the mathematical 
methods applied in one of the most dillicult instances, 
that the average behaviour ami c(»l!o(jtive properties of 


^ l\ Q. Tait Heat,’ 1H81, p. 
355) says : It is to OlausiuH that 
we are uiilebie<I fur ihc earliesi 
approach to an aaecjuate ireatineut 
of thiH (juestion. Ue waM t.he UrKt 
to take into account the colliKifum , 
between the part^len, in id io hIiow , 
that these did not alter tlie pre- | 
viously obtained rcsultH. fie ban 
also the great credit of introducing 
the statistical methodH of the 
thewy of probabilities, and of thuH 
giving at least approxiinatt*. i<leasaH 
to the probalde length of the mearb 
free path — f.e., the average distancti 
travelled over by a particle before 
it impinges on another, and thuH 


buH itH cumNc changed. He thus 
expiilninM uIho the t^iiavncKH of dilfu- 
hion of gasoh, and their very rukUI 
conductivity of heat. Clerk-Max* 
wt‘11 Hhf>rll,y afterwurdh improved 
the theory by introducing, also from 
the Htati-itical point, of view, the 
coimkh 'ration of the variety f>f 
Hpeeil at which the diirorent par- 
ticles nre moving ; OhiUHiuH having 
expresnly limited his investigations 
by ftHbuming for simplicity that uU 
nK)ve with ecjual speetl. Clerk* 
Maxwell explained gnseema friction, 
and gavti a more dohnite determina- 
ti<m of the length of the mean free 
pathd* 
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such moving crowds turn out to be exactly those laws 
5. which Boyle, Charles, Gay-Lussac, Dalton, and Avogadro 
ition found out by direct experiments with gaseous bodies. 

Clerk - Maxwell was the first to recognise the 
great importance of the statistical methods, and to 
apply them in an exhaustive manner.^ And we witness 
here the same spectacle which presented itself in the 
history of the theory of probabilities. Problems which 
are to be solved by the mere application of a few rules 
dictated by common -sense and an exercise of common 
logic, present in their complexity such a multitude 
of traps, snares, and pitfalls, that it required the suc- 
cessive application of the highest intellects to free the 
reasoning from insidious errors, and put the results on 


^ The manner in which Joule 
dealt with the problem of a laige 
crowd of moving particles in his 
memoir of 1851 was not strictly 
.statistical, inasmuch as he dealt 
with an average velocity of the 
molecules, and assumed that all the 
molecules of a gas moved with the 
.same velocity. Clausius, in his 
memoir of 1867, made use of as- 
•sumptions which weye more in 
conformity with nature : he had, 
.iccordingly, to employ the calculus 
of probabilities. Clerk - Maxwell’s 
occupation with the subject dates 
from the year 1859, when he read 
his paper, “ Illustrations of the 
Dynamic Theory of Gases,” Part I. 
(published in the ‘Phil. Mag.,’ 4th 
series, vol. xix. p, 19, reprinted in 
‘Scientific Papers,’ vol. i.) He 
showed that “the velocities are 
distributed among the particles 
according to the same law as errors 
are distributed among the observa- 
tions in the theory of the method 
of least squares. The velocities 
range from 0 to oo, but the number 


of those having great velocities is 
comparatively small.” If we leave 
out Joule’s impel feet attempt to 
employ the statistical method, one 
of the first applications of the 
method of averages to a physi- 
cal problem is to be found in 
Sir G. G. Stokes’s paper “ On 
the Composition of Sti earns of 
Polarised Light from different 
Sources” (‘ Camb, Phil. Trans.,’ 
1853), where he shows “what 
wiU be the average effect of a very 
great number of special sources 
of light : thus giving one of the 
earliest illustrations of the use, in 
physics, of the statistical methods 
of probabilities. , . . From this 
point of view the uniformity of 
optical phenomena becomes quite 
analogous to the statistical species 
of uniformity, which is now found 
to account for the behaviour of the 
practically infinite group of particles 
forming a cubic inch of gas” (P. 
G. Tait, ‘Light,’ 2nd ed., 1889, p. 
237). ^ 
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undisputed and indisputable basest In proportion as 
this has been done the calculated results have proved 
to be in closer and closer accord with olisert^ed facts 1 
will here mention only one of the latest aehie^elne]its 
in this line of research and reasoning. Assuming — 
as the atomic and kinetic theories (lo — that all external 
phenomena of bodies can be reduced to tlie collective 
or mean effect of a practically inhnite variety of tur- 
bulent movements of a very large number of particles, it 
must be possible to give a mechanical expla, nation of 
that remarkable property of all phenomena of natu]*c, 
first noticed by Lord Kelvin, that tluy aic (3ssentia.lly 
irreversible — that, with very rare exc(‘])tions, tiny 
take place in a certain dire(;iir)n which we may d(dim? us 
an equalisation of existing dii'lbrences of level, tempera- 
ture, electric pressure, and similar incqTialiti<‘S. Jn onler 
to fix this remarkable property of a-ll natural phenomena,, 
physicists found themselves oldiged to introduce, along- 
side of energy and mass (which are both assumed to 
conserve or maintain their total (jnaiit.ity), a third .somt^- 
thing which is the measure of the dcigrec in which an 
existing distribution of muss ainl (uiergy can Ire con- 
sidered to be capable of oxtern.al, visible, finite activity 


^ Those who are interested in 
seeing how diffjcftlt it is to link 
together the common -senMO argu- 
ments of the theory of jn’obahilitien 
in a consistent ckain of unimpeach- 
able logic, should read the report 
on the various attempts to prove 
Cierk-MajtweU’s law {mentione<l in 
the foregoing note) contained in 
Prof. 0. E. MeyeFs * Kinetisehe 
Theorie cler Gase ’ {2ud ed., Breslau, 
1899), especially p. 40, &;e<, and 

VOL. IL 


* Mathematical Appendix,’ p, 17; 
and tin* great number of memoir^ 
referred tt» on p, OO of that book. 
KevertheIeH.s Tail speaks of the still 
nMitainiiig iliflicuities in the kiuclic 
thciiry of gases as having bf'cn 
** greatly enhanced by an apparently 
unwarranted application of the 
theory of probalatitbs on which 
the method is bfw>ed.” 

{* Pruperrles of Matter,’ 2iul etb, 
1890, p. 291.) 

2 p 


!rif\rrsi* 
hilitv ijif 
Ktii iiial 
piuccsNes 
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— ix., of its availability to do work.^ The infinitesimally 
small motions of an immense crowd may be exerted in 
such a way as to total up to a finite movement per- 
ceptible to our senses and accessible to our handling, or 
they may so mutually annul each other as to present in 
their finite sum and aggregate the appearance of rest and 
inaction, however turbulent their behaviour might appear 
to an observer gifted with powers of perception millions 
of times more delicate than ours. Lord Kelvin intro- 
duced the conception of the availability of energy,- 
Clausius that of entropy (or energy which is hidden 
away), to measure this condition of any natural system. 
Has the statistical view any conception to put at the 
base of this remarkable property of natural plienomena ? 
It has, and we must assign to Clerk - Maxwell ® the 


^ See chap. vii. p. 128, 

&c. 

2 Or of “motivity’* 

“ energy for motive power ”), 
this being “ the possession, the 
waste of which is called dissi- 
pation.” See s'wpm, chap. vii. 
p. 168; also Thomson (Lord 
Kelvin), ‘Popular Addresses,’ vol, 
i. p. 141. 

^ The contributions of Clerk- 
Maxwell to this topic are notably 
two, independently of the larger 
view which he took of statistical, 
as compared with historical, know- 
ledge, of which 1 treat farther on 
in this chapter. First, in the con- 
cluding remarks of his treatise on 
the ‘Theory of Heat’ (“On the 
Limitation of the Second Law of 
Thermodynamics”) he introduced 
his famous conception of a “sort- 
ing demon," the meaning of w'hich 
fanciful device was, to impress upon 
the student of the dynamical theory 
of heat, first, the fact that the 


loss of availability of the energy of 
molecular motion is owing to the 
coarseness of our senses ; and second, 
that the restoration of difi’erences 
of temperature, or of availability 
of energy, is Bimx)ly a matter of 
arrangement or order, not of an 
increase of the intrinsic energy 
of the system. The subject lias 
been frequently referred to, notably 
by Lord Kelvin, who says (“On the 
Sorting Lemon of Clerli-MaxAvell,” 
Royal Institution, February 1879. 
Reprinted in ‘ Popular Lectures 
and Addresses,’ vol. i. p. 137, &c.) : 
“ Dissipation o# energy follows m 
nature from the fortuitous con- 
course of atoms. The hist niotivity 
is essentially not restorable other- 
wise than by an agency dealing 
with individual atoms ; and the 
mode of dealing with the atoms 
to restore rnotivity is essentially a 
process of assortment, sending this 
way all of one kind or class, that 
way all of another kind or class " 
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credit of having first indicated, and to Prof. Boltzinanii ^ 
— aided by many other eminent natural philosophers 
— that of having definitely estalilished, this highly 
suggestive explanation or illustration. The doctrine 
of chances, to which artifice the statistical view of 


(p 139). “ The conception ot the 

‘ sorting demon ’ is inei-ely mechan- 
ical, and IS of great value iii ]»urely 
physical science. It was not in- 
vented to help us to deal with 
questions regarding the inliuence 
of life and mind on the motion.-, 
of matter, questions esseniially be- 
yond the range of mere dynamics” 
(p. 141) The other contribution 
through which Clerk - Maxwell's 
name has become celel)riite(l in tins 
connection is to be found in tlici 
so-called Maxwell-Bolt/mjann law of 
the distribution of kinetic energy 
in a iijiisH of moving })articl(i.s. 
The discussion (jf the subjeitt 
dates from the first memoir of 
Clerk-Maxwell, (quoted above ; and, 
after Prof, Boltzmann had treated 
of the same subject in 18(>8, 
and Mr W^atson in 1876, Clerk- 
Maxwell returneil to it in a paper 
“On Energy in a Bystem of 
Material l^oints” (‘Camb. iMiil. 
Boc.,’ vol. xii.) Ill tlie year 
Prof. Bryan presented the 2ml 
part of his Iteport on “ Our 
Knowledge of 'rhermodyaamicH ” 
(‘Brit, Assoc. Hep,/ 1894, p. 64, 
&;e.), in which he gives an accimnt 
of all the diilerent iuvestigatiim.-^ 
referring to this subject, U]> to 
that date. ThisVas followed by 
a long discussion of the subject 
ill the pages of ‘Nature* (voh li.), 
in which Messrs Bryan, Boltzmann, 
Bur bury, Culver well, Banuor, ami 
H. W. Watson took part, and 
which gave Prof, Boltzmann the 
opportunity of giving a final ex- 
pression of his opinion (p, 41f>)* 

^ Prof. Boltzmann’s investiga- 
tions connected with the second 


law of theriiKaljiiamics ami the 
kinetic theory ot gases cover the 
last Unity- ^ears. He has 
foucm^fled in putting Uie whole 
problem inort^ and more into a 
stnclly ac( urate, as al*>o into a 
pf)pul{iil 3 inudlivible, TTn- 

fortunat<d;v hi.-, very numerous con - 
tiibutiuii.', are «eattered in v.irious 
peijodical j>ubIieation-i, .md h.'ivc 
not. yet ,ip)»efired in a collected 
edition .Mo>i of them apjeeared 
in the Prota^eding'. and Transao 
tioiiH of I be \'ieima Aojuhuny, 
among which the Addrtv.stlcU\ere<l 
on tbf‘ ‘i9th Mjiy 18^6 can be 
hpei'iall} recommended. Bincethen, 
and alter the eoi respondenoe in 
‘ Kaiure ’ referred t<^ in the 
hist note, he has puldished his 
lectures * Vorlenungen iiber <ias- 
Theone’ (2 vok, Leipzig, 18O0-U8). 
He there (vol, ii, p. 260, mde) 
gives a list of the most important 
literature m the sulqeet, and also 
a gimei'al summary regarding the 
application of the theory of prob- 
to tdie <ii.sLrihution of the 
1 kinetw- energy of a crowd of 
i moving partieiei*. In this con- 
neethm lu‘ also deals with the 
eonseqUenocs of the atomic hy- 
pothesis, the iirev(wibility of all 
natural prouesHcs, and the applica- 
tion of the second law to the 
history of the univerne. He tlnu'e 
says (}a 253): “The fact that 
the closed systom of a finite 
number of molicuk'H, if it had 
originally an orderly condition, and 
has then lapsed into a diMorderly 
one, must liimily, after the lapse 
of an iiuameoivaldy lung period, 

, ftHJjume again <»rderjy condititms, is 
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phenomena reduces us, distinguishes between probable 
and improbable events or arrangements of a crowd 
of elements — between such as are of an average 
and such as are of an exceptional character. Anj 
highly improbable arrangement — though possible — will 
be followed by a gradual settling down to more prob- 
able or average arrangements. And as in nature you 
are forced to introduce the conception of availability, so 
in the calculus of chances you can introduce a certain 
mathematical quantity which is the measure of the proba- 
bility. The more improbable, exceptional, the begiii- 


not a refutation, but a confirmation, 
of our theory. But one must not 
consider the matter thus : as if 
two gases . . . which were initially 
unmixed, then became mixed, after 
a few days again unmixed, then 
again mixed, &c. We find, rather, 
that . . . only after a period 
which, even compared with 10 10 lo 
years, is enormously great, a per- 
ceptible uumixing would take place. 
That this is practically equivalent 
to never, we see, if we consider 
that in this period there -would 
be, according to the laws of prob- 
ability, many years in which, by 
mere chance, all the inhabitants of 
a large city would, on the same 
day, commit suicide, or fire breaJc 
out in all its buildings j whereas 
the insurance companies are in so 
good an agreement with facts that 
they do not consider such cases at 
all. If even a much smaller im- 
probability were not practically 
identical with impossibility, nobody 
could rely upon the present day 
being followed by night and the 
latter again by day. ” And further 
(p. 255) : “ If we, therefore, repre- 
sent the world under the figure 
of an enormously large mechanical 
system, composed of enormously | 


numerous atoms, which started 
from a very perfectly ordered 
condition, and exist still mainly 
in an ordeily condition, we arrive 
at consequences -VN'bich actually 
stand in perfect harmony with 
observed facts ” ; and (p. 258), 
“That in nature the transition 
from a probable to an improbable 
condition does not happen as fre- 
quently as the reverse, can be 
explained by the assumption of a 
very improbable iiiitia,! state of 
the whole sun ounding universe, in 
consequence of which any arbitrary 
system of interacting bodies is, in 
general, in an improbable condition 
to begin with. But one might 
say, that here and there the 
transition from probable to im- 
probable conditions must, after 
all, be observable. . . . From the 
numbers regarding the inconceiv- 
ably great rarity of a transition 
from probable to improbable con- 
ditions, happening in observable 
dimensions and during an ob- 
servable period, it is explained 
how such a process within what 
we, cosmologically, call a single 
world, or, specially, our world, is 
so extremely rare that any experi- 
ence of it is excluded.’’ 
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ning you choose, the greater your distance from the 
average or most pi'ohable condition into wliich, in the 
long-run, things must settle down . the mure play fui 
the equalising and levelling down of coming e^^onts. 

The world — or at least that part of ilie world accessible 
to our observation, and the pluygrouud of our actiAhty — 
shows a large amount of available eiicugy, or, ex])re.ssed 
in a purely statistical manner, it started from a iiigbly 
improbable condition, and it is descending or running 
down into a more pro])able or avau-age comiitiom The ^ 
doctrine of availability or of its reverse, of Gutro]»y 

^ liUf.TMlI if) 

— ^.c., of the loss of availability — turns out to l)e a 
theorem of probabilities; and the relined matheniatival 
researches of l*rof. IJoltyanann and otlmrs show lliat 
these two conceptions can be made, lo covin* (‘aidi other. 
Moreover, we can bring home to the. po]>ula.r under- 
standing the difference betwexm the exceptional lion- 
dition, with its large amount of a.vailublo (‘nergy, and 
the average condition, with its large amount of srdf- 
destructive and wasted energy (or eiitro]ky), by the 
simile of order and disorder. For every a-rrarigcment 
a crowd of things or beings wln’cdi is orderly, there are 
innumerable arrangements which an) disuj*dcrly ; every 
one knows how easily the orderly arrangeiuent laj^ses 
into disorder, and nobody expects by mere ha,pham‘d 
or chance movements to produce order out of disorder. 

There are thousands of ways by which a stone can fall 
from the peak of a mountain to the lower Icvcds, but 
only one direction which would take it up again to the 
top. A tree has been suggested as the picture of the 
course that natural movements take : for the one position 
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oneeived 
Maxwell 


in the trunk, where all branches and all roots meet, 
there are in both directions numberless ways of rami- 
fication or dissipation into the twigs or the root^fibres. 
The statistical view measures the chances of an orderly 
arrangement compared with disorder, of a commanding 
unique position compared with the average or mean 
position, by saying the odds are infinity to one against 
it. The orderly exceptional position and arrangement 
of a crowd does not possess more actual energy, but its 
energy is directed, arranged, it has become available — 
get-at-able. 

And what is it that changes disorder into order ? It 
is a process of selection. Maxwell imagined a sorting 
demon endowed with powers of perceiving and dividing 
the immeasurably small movements of a gaseous body — 
i.e., of a crowd of particles in turbulent to and fro move- 
ment. Such a being could, by mere selection and 
separation of the slow and fast moving particles, bring 
order into disorder, converting the unavailable enm^gy 
into available energy. It would be a process of mere 
sifting and arranging, such as is apparently carried out 
in the living creation and by organic structures.^ And 
Maxwell went a step further, and conceived the idea 


^ See supra, chap, x. p. 437, note, 
where the selective action of certain 
organisms is referred to in connec- 
tion with Prof. Japp’s Address to 
the Brit. Assoc, in 1898. Lord Kel- 
vin says (“On the Dissipation of 
Energy,” 1892, ‘Popular Lectures 
and Addresses,’ vol. ii. p. 463, &c.) : 
“ It is conceivable that animal life 
might have the attribute of using 
the heat of surrounding matter, at 
its natural temperature, as a source 
of energy for mechanical effect. . . . 


The influence of animal or vegetable 
life on matter is infinitely beyond 
the range of anyr scientific inquiry 
hitherto entered on. Its power of 
directing the motions of moving 
particles, in the demonstrated daily 
miracle of our human free-will, 
and in the growth of generation 
after generation of plants from 
a single seed, are infinitely dif- 
ferent from any possible result 
of the fortuitous concourse of 
atoms.” 
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that, after all, the whole of our knowledge of natural 
phenomena and natural things may be only statistical, 
not historical or individual. '' In dealing/’ he says,^ 
with masses of matter, while we do not perceive the 
individual molecules, wo are compelled to adopt the 
statistical method of calculation, and to abandon the 
strict dynamical method in which we follow ever}' 
motion by the calculus. It vrould be interesting to 
inquire how far those ideas about the nature and the 
methods of science which Iiavo been derived from 
examples of scientific investigation in wliich the 
dynamical method is followed, are applicahle to our 
actual knowledge of concrete things, which, as we liave 
seen, is of an essentially statistical nature, because no 
one has yet discovered any practical nu'thod (jf tra.cing 
the path of a molecule, or of identifying it at diOerent 
times/’ And elsewhere^ he says: ‘‘The statistical 
method of investigating social questions lias Laplace 
for its most scientific and Buckle foi* its most popular 


^ ‘Theory o{ Heat,’ Sth etl., j>. 

m. 

‘ Life of Clork - Maxwell l>y 
Campbell and Garnett.’ Chap. xiv. 
containn a x>aper with the title, 
“Does the progress <jf I^hysieal 
Science tend to give any advantage 
to the opixiion of Necohsity (or 
Determinism) o^er that of the 
Contingency of Kvents and the 
Freedom of the Will ? ” In it (p. 
43.5) there occurs the following 
passage : “ The doctrine of the 
conservation of energy, when ap- 
plied to living hoingH, leads to the 
conclusion that the s{)ul of an 
anitnal is not, like the mainspring 
of a watch, the motive power of 
the body, but that its function is 


rather that ol a Htoersuian of a 
ves.’.el — not t.o produce, hut tf> 
regulate and direct, tin* luiimal 
powers.” lie then speaks of the 
'‘powerful eUect on the wtn-ld of 
thought” which the developments 
of molecular science are likely to 
have, eonsid(‘Hng the “ tno.st im- 
portant edVei on otir way of think- 
ing to bo that it forces on our 
attention the distiraition between 
two kinds of knowledge, whicli 
we may call for convenience tlic 
Dynamical and Btatistical.” The 
])apor from which the extracts in 
the text are taken is dated 1878. 
Olerk-Maxwoll was then forty-one 
years of age. 
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expounder. Persons are grouped according to some 
characteristic, and the number of persons forming the 
group is set down under that characteristic. This is 
the raw material from which the statist endeavours 
to deduce general theorems in sociology. Other 
students of human nature proceed on a different 
plan. They observe individual men, ascertain their 
history, analyse their motives, and compare their ex- 
pectation of what they will do with their actual con- 
duct. . . . However imperfect this study of man may 
be in practice, it is evidently the only perfect method in 
principle. ... If we betake ourselves to the statistical 
method, we do so confessing that we are unable to 
follow the details of each individual case, and expecting 
that the effects of widespread causes, though very differ- 
ent in each individual, will produce an average result on 
the whole nation, from the study of which we may 
estimate the character and propensities of an imaginary 
being called the Mean Man. Now, if the molecular 
theory of the constitution of bodies is true, all our 
knowledge of matter is of a statistical kind. A con- 
stituent molecule of a body has properties very different 
from those of the body to which it belongs. The 
smallest portion of a body which we can discern con- 
sists of a vast number of molecules, and all we can 
learn about the group of molecules is statistical in- 
formation. . . . Hence those uniformities which we ob- 
serve in our experiments with quantities of matter con- 
taining millions of millions of molecules are uniformities 
of the same kind as those explained by Laplace and 
wondered at by Buckle, arising from the slumping to- 
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getlier of multitiules of cases, each of which is ])y no 
inojins xiniforin with the ntliers. . . . jMiich li;i;hl iraiy 
l)c thrown on souie of these qnestiuns by the consider- 
ation of stabiiity and instability. When tlie slate of 
tinuirs is such tluit an infinitely small variation of the 
present state will alter only by an iniinitely sinall 
quantity the state at some futnie tinn*, the condition 
of the system, whetlier at i-est or in moti<Jii, is said to be 
stable; but when an infinitely .^niall variation in tlie 
]a'esent state may briin^' about a finite difi‘cr<m('e in tin* 
state of the system in a finih^ t-ime, the or»ndition of th(‘- 
system is said to be nnstablcc It is mandVst that, the 
cx'isienco of nnslable condiiifms rinnlms inip(*ssil)le the 
prodicitiou of fiituni events, if our knf>wle<l;j;e of the 
present state is only approximate .uid not aermraUi. it 
has been wi'.ll pointed out ))y Prof. Palfour Steavart that 
|)hysical stalhlity is the characAcristie of those systems 
from the contemplation of which deternuiiists draw their 
iri»'nmcuts, and jdiysieal instability that of those living 
iMidies, and nuanl instaJiility ^ tliat of those developable 
ionls which furnisli to consciousness the convicthm of 
nHi-will."**' 


^ Thi‘r<i iH iin jivvkwarU ruihpriiiX 
11 tlui iii'rtt ecUlJou uf ''Die Lift*/ 
is (sirrectod in t»he socoiiU 

" <a(*rk - Ma.xwdl fmjuuiitly ro- 
totluH hUbj<i<;L In an 
*n Mol^'cules/’ co«iriiaJit«<l to the 
iinth c‘Uiti<m of the ‘ Eni*y. Bril.’ 
reprinteU in ‘Hoiontilk* i^aperyj,* 
’o1. ii.), he eoniraKlK hiHtorioftl anU 
iatistical knowhiiiji'e an followfi (p. 
I7iq : ‘‘^rhe inoUerii atonuHfH have 
.riopleU a nmthofl which I 
telieve, new in the UepartnHMit of 


tnatherufUicai pliy-.u-s, ihou|<h it 
has hui;? ht*(‘u in nse in the weetion 
(*f Htat ihtii'H, W'hen the workinj^ 
inenihers of Secl.ion F (of Uie IJrit. 
Assoe,) jt*et iiold {jf a report of the 
misUH, ui* any ot.her (ioeunieiit r<ni* 
taining the mimen(*al tiata oj 
eeonoinie ami Koeia) b<‘ic*jiec% they 
la'giii hy (liKirUniiinj:^ tin* whofc 
population into groujM ae<t<trcUng to 
age, ineoiue-tax. <‘du<jation, religumK 
l»ehef, or eriniinal eotivietiraif'. The 
nuinher of inUivifiunls i.s far U>u 
great to allow of their inning the 
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The conceptions involved in the atomic and kinetic 
views of natural processes, and the statistical manner of 
dealing with these crowds of moving particles, have thus 
introduced into natural philosophy two distinct and novel 
considerations not known to former ages ; first, the con- 
sideration that our knowledge of things and phenomena 
in nature is not historical, but that it is that of the 
mean or average and of the total effects produced by an 
immensely large number of singly imperceptible events 
upon our senses which are too coarse to receive or deal 
with individual occurrences ; secondly, the consideration 
that our knowledge is not purely mechanical, inasmuch 


history of each separately, so that, 
in order to reduce their labour 
within human limits, they concen- 
trate their attention on a small 
number of artificial groups. The 
varying number of individuals m 
each group, and not the varying 
state of each individual, is the 
primary datum from which they 
work. This, of course, is not the 
only method of studying human 
nature. We may observe the con- 
duct of individual men and com- 
pare it with that conduct which 
their previous character and their 
present circumstances, according to 
the best existing theory, would lead 
us to expect. Those who practise 
this method endeavour to improve 
their knowledge of the elements of 
human nature in much the same 
way as an astronomer coirects the 
elements of a planet by comparing 
its actual position with that de- 
duced from the received elements. 
The study of human nature by 
parents and schoolmasters, by his- 
torians and state^'men, is, there- 
fore, to be distinguished from that 
carried on by registrars and tabu- 
lators, and by those statesmen who 
put their faith in figures. The one 


may be called the historical and 
the other the statistical method. 
The etiuations of dynamics com- 
pletely express the laws of tlie 
historical method as applied to 
matter, but the application of these 
equations implies a perfect know- 
ledge of all the data. But the 
smallest portion of matter which 
we can subject bo experiment con- 
sists of millions of molecules, not 
one of which ever becomes sensible 
to us. We cannot, therefore, ascer- 
tain the actual motion of any one 
of these molecules ; so that we are 
obliged to abandon the strict his- 
torical method of dealing with large 
groups of molecules. The data of 
the statistical method, as applied 
to molecular science, are the sums 
of large numbers of molecular quan- 
tities. In studying the relations 
between quantities of this kind, we 
meet with a new kind of regularity, 
the regularity of averages, which 
we can depend upon quite suffi- 
ciently for all practical pui poses, 
but which can make no claim to 
that character of absolute precision 
which belongs to the laws of 
abstract dynamics.” 
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as besides the purely inechanical inovemeiiis and tiieir 
suiaiiiatioii, it must contain a refeience to the nature of 
our faculties — a principle which indicates to what 

extent the elementary movements come under onr control 
or (‘S(‘a,po it. There ]nust be a principle which measures 
the availability and usofnlness — for our powers— -of natural 
}»r(H'esses, marking oh wliat is orderly for our senses and 
ac'cessilile to our [)owc]‘s, from what is disorderly and in- 
aceessihln. Tliis principle the founders of the science of 
Thormodynaauics — Ihinkine, Clausius, ami Thomson — liad 
empirically established: Thomson having foi'cseeii its 
far-reaching im])orta,ncc in the economy of nature and 
Uj{‘ a.pidica,tions of industry. The statistical view of ;u. 

na-tnral phenomena forced upon us liv atomism and to in^t.n'icai 

* ' and iin'Clian- 

kimdics has shown us that it is not a pui’ely nui- 
(dianicul ^ ])rincii)le. It is one belonging to the theory 
of a,verages a,nd prol>al)iliiy. The scientific view of 
nature is thus, as Clerk-Maxwell says, neither purely 
lustorical nor ])Ui‘ely mechanical — it is statistical" 

To this vie,w of the scientific treatment of natural 
phenomena Clerk-Maxwell has attached a further eon- 


I in a rnviovv nf , 

Tnit'a ‘^Thuriinnlynuinicr>'’ (‘Semo j 
iilh* Pagans/ vol, ii. (570); 

try I hot' the «orrnid law U there forn 
a hi.ilistinab not a luatheinatifal, 
tnilh, fi>r it on tiu‘ fuet 

that the* hoditM \v« tloal with o.on.sjst 
r*f uiillions of inoleeulw, and that 
\\n nevor out hold of hingk* 

” j\jiy oiH* who has had oorasion 
if> ohnorvo tho internal work of any 
indiiidrial or tnanufact uHng 
orgfuti^atioiu w'ill have* nrjtk'od the 
twofold way in whioh inieortant ' 
ot‘(‘nrrt'noc‘tt am looked at hy the 


cornntm-ial tuid the terhniad 
ehiefrt. Aw regularity U in nmny 
itiHtauceH the eonditiun of succens, 
any break of its rrmtine is care- 
fully esaniined and criticissed. In 
hurh cjvseH the technical man will 
look to the ijroxiniate mechanical 
eauhCH fur an e.xplnnatiou, whereas 
the eonnuerciul nun, unal>)e to 
relleot on the ti'uhnical and niechan- 
i<-:U (onditions ut the Hpcciul case, 
will ulwayn refer to hts statist ics of 
the jiUNt HH a guide in judging the 
iiuuHaliate diliiculty that is be.lorc 
him. 
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sideration, which is interesting inasmuch as it shows 
that that which I called above the inverse method of 
statistics does not involve ideas identical with those 
which the direct method — as applied in ordinary 
economic and social statistics — involves. In the direct 
processes of statistics, which we may class under the 
all-case or enumerative method, we rise, from a large 
number of individual facts and data which are all 
different, to the conception of certain uniform averages, 
to recurring, or continuously and slowly changing, totals, 
such as we handle daily in sciences like meteorology, 
in moral, economic, and industrial statistics. The 
averages are nowhere represented by the individuals, 
and the regularity of the totals does not appear in 
dealing with single instances, or with such restricted 
numbers as come under the personal control of any 
of us ; hence the general uselessness of statistics in 
handling individual cases or predicting special occur- 
rences. But the statistical view of natural phenomena, 
as applied to the atomic constitution of bodies, leads 
us ultimately to the conception that the smallest con- 
stituents of matter, the atoms, exhibit a regularity and 
recurrent uniformity of structure which reminded Sir 
John Herschel of manufactured articles. The attempt 
to reduce the somewhat numerous types of these ulti- 
mate elements to purely geometrical configurations of 
the homogeneous elements of one substance has indeed 
failed, though it is being continually revived. But 
allowing that there exist some sixty or seventy distinct 
forms of matter or atomic structures, these structures 
seem to be alike and stable wherever we meet with 
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t-beiii : our observations ranging over very large 
in space and time, from the i^articles immediately 
us in artilicial liames to the vibrations of atoms of distant 


stars, whicli must have taken millions of years to reach 
us. ‘‘ I do not think ” says Clerk-Maxwell,^ “ that the 
peiiect identity wliich w^e observe between different por- 
tions of the same kind of matter can be explained on the 
sta (mistical principle of the stability of the averages of 
large nnmljers of (piantities, each of which may differ 
from tlie mean. . . . For if the molecules of some sub- 


sta.noe, siudi as liydrogen, were of sensibly greater mass 
than otiiors, W(^ have tlie means of producing a separation 
lK't.\v(ii‘n molecules of different masses, and in this way 
\v(* should able to ])rodnce two kinds of hydrogen, 
one- (»f which wouhl be somewhat denser than the other. 


As this cannot 1)0 done, wi', must admit that the ecpiahty 
which w(‘. assml/ to exist between the molecules of hydro- 


* 'Tluiory ()f i>. 1129, &c. 

Of. Ill, so ijiiiny jdMMiigfK iu the 
artirloH nri “Atom,” ‘‘Molecule,” 
“ eini-jliluiifin of lloflie;*,,” &c., re- 
rt'iot»‘*I in the ooooinl volume of 
‘ StMfMitilic iuter alia, p. 

'|Sr; ; Cut the otjunlity of the 
run'-tJUilM of the moleeulori is a fact 
of a very UiilVjent order, it aiiMSs 
fiom a |>urtJcular tliHirilmljon i>f 
a iuJlacnlion, to use tin* ex- 
l>rr** ion ot Ur < Jhalmer.n, of tiiingH 
whieli wc‘ havi^ no UilUrulty in 
imagining to have hi'mi arrangotl 
oiherwhie. Uut. many of tluj or- 
dmary iir-ttanreH (‘ulhamtimi are 
rnljurtmetiU of constants, which are 
not only orhitrary in their own 
nature, }>ut in which variationa 
mdurilly otvur; and vvlien it la 
pointed out that thcHc adjuntnicntH 
are heuHrn*ial tf> living boings^, and 
are thei'tdorc iuntances of htnievoknil 


design, it ih replied that those varia- 
tions which are not concluene to 
I tlic growth and multiplication of 
living beings tend to their destruc- 
tion, and to tlie removal thereby of 
the evidence of any adjustment not 
lienefiuial. Tlie constitution of an 
atom, hoAvever, is such as to render 
it, 80 far aw we can judge, iudejiend" 
ent of all the dangers arising from 
the struggle for existence. Plaus- 
ible reasons may, no doubt, be as- 
signed for believing that if the 
coHstiuntH liad varied from atom to 
atom t.hrongli any aeiiHiblo range, 
the bodies formed by aggregates of 
Huch atoms would not have been so 
wc^ll iittecl for ibe construction of 
the world as the bodies which 
jictuidly exist. Put as we have 
I no t‘.'£]jerienee of bodie.s formed of 
I HUch variable atoms, this must re- 
' main a bare coujeuturo.” 
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gen applies to each individual molecule, and not merely 
to the average of groups of millions of molecules.” 
And Clerk-Maxwell goes on to show how the fact that 
the molecules ^ “ all fall into a limited number of classes 
or species with no intermediate links ... to connect 
one species with another by uniform gradation, produces 
that kind of speculation with which we have become so 
familiar under the name of theories of evolution, it being 
quite inapplicable to the case of the molecules. The 
individuals of each species ^ of molecules are like tuning- 
forks all tuned to concert pitch, or like watches regulaU^d 
to solar time.” ” 


^ ‘ Theory of Heat,’ p. 330. 

2 Ibid., p. 331. 

® The passages quoted fi’omClerk- 
Maxwell’a wntmgB, aiul the inl’er- 
eucea drawn by luin, were eriticiaed 
by Chiford in a lecture delivered 
ill 1874: wiLh the title, ‘‘The 
First and the Last Catastrophe. 
A Criticism of some recent Specula- 
tions al>out the IJuration of the 
Universe” (reprinted in ‘Lectures 
and Essay fo,’ vol. i. p. 191 nqq .) ; and, 
quite recently, Prof. AVard lias, in 
his Gifford lectures, reviewed both 
Maxwell’s and Clifford’s arguments 
(‘ Naturalism and Agnosticism,’ vol. 
i. p. 99, &c. ) As Prof, AVard says, 
the ideas of Hcrsehel and Clerk- 
Maxwell “are far more duo to theo- 
logical zeal than to the bare logic of 
the facts.” It is, therefore, out of 
place to difecuHH here the pliilosophi- 
cal consequences of the ideas of the 
immutability or of the gradual 
evolution of the ultimate elements 
of matter. In a former chapter 
(see pp. 360 sz/y, and 369, note, of 
this volume) 1 referred to the 
theories of the evolution of the 
different chemical elements as 
they have been put forward by 
various scientiffc authorities. The 


interest which attsiches to the pas- 
sagos quoted from Glrrk'Maxwoll 
IS, that m thorn, for the first time, 
an instance was given of the 
application of statistical metliodh 
in the domain ot abstract Kcience. 
The reader may gather from a 
perusal of the writings mentioned 
above, as also of the present 
and foregoing cliaptcrs of this 
history, that there is an inherent 
coutradintion (or as Kant would 
say, antinomy) hctvveen the logi- 
cal niothods and the highest oh- 
jectH of scientific reasoning, ’'fhe 
methods all tend in the direi:tir>n 
of reducing existing differences in 
the things and jihenoimma of natuie 
to a small number of data which 
are easily grasp(*d and calculated, 
whereas the oh^^ervation of things 
nafcui*al forces increasingly upon us 
the existence of ever greater differ- 
ences, ciianges, and varieties. The 
question presents itself, Is it likely 
that a ))rocess tlie principle of which 
is unification and simpUlication, will 
ever lead to a comprehenRkni of 
that which increasingly reveals 
itself to be inffnitely complex and 
varying Dr Lunnor lms some 
remarks which bear on this subjeijt 
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The progress of modern science has, however, given 
a great impetus to the development of statistical or 
enumerative methods, and notably to the graphical 
registration of these results, through the importance 
which the phenomena of variation attained in all theories 
of evolution, and chiefly in those based upon natural 
selection. Quetelet had already pointed to the study of 
the maxima of the possible deviations from the mean and 
average, as of special interest and value. ISTevertheless, 
the centre of gravity of the aspect unfolded in the 
writings of Quetelet and his followers was the idea of 
uniformity and average sameness. The conception of 
change and development did not fit naturally and logi- 
cally into their scheme.^ It was not till after the 


(‘wEther and Matter,’ p. 288): 
“The piocesses by which our con- 
ception of the uniformity of Nat- 
ure ife obtained essentially involve 
averaging of effects, and lose their 
efficacy long before the individual 
molecule is reached. Mechanical 
dctenninateness thus need not in- 
volve molecular determinateness ; 
then why should either of them 
involve determination in the en- 
tix'ely distinct province of vital 
activity? . . . Every vital process 
may conceivably be correlated with 
a mechanical process, as to its pro- 
gress, just to that extent to which 
it IS possible experimentally to 
follow it, witl*out lending any 
countenance to a theory that would 
place its initiation under the control 
of any such system of mechanical 
relations. In other terms, there is 
room for complete mechanical co- 
ordination of all the functions of an 
organism, treated as an existing 
material syMtem, without requiring 
any admission that similar prin- 
ciples are supreme in the more 


remote and infinitely complex 
phenomena cuiicerned in growth 
and decay of structuie.” 

^ A fate overtook the theories and 
writings of (Quetelet and Buckle 
similar to that which I had occasion 
to notice above in inferring to the 
great work of A. von Humboldt. 
Through the intiuence of the evolu- 
tionist movement, prepared by 
Lamarck, von Baer, Spencer, and 
others, centring in Darwin, the 
statical or morphological view had 
in every department of science to 
give way to the kinetic or genetic 
view. This explains why some 
names, once celebrated, like Hurn- 
bohlt and Buckle, hank rajjidly 
into oblivion. Grant Allen, in 
his t-omewhat one-sided but spirited 
monogiaph on Darwin (‘English 
Wcu-thies,* 1888), has drawn atten- 
tion to this. I give here the 
stiiking pahsage, reserving for the 
se<iuel of this work the liberty to 
differ in detail from much in it 
that is too drastically expressed ; 
“There is no department of human 


35 . 

S.-imeness 
and varia- 
tion. 
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Barwin. 


publieation of the ‘ Origin of Species ' that the phenomena 
of variation — i,e., of deviation from the existing type 
or average — forced themselves upon naturalists and 
statisticians as requiring to be specially observed, de- 
scribed, and accounted for. Since that time a new 
branch of science has sprung up, unknown before even 
by name — the study of variation in nature. This, as we 
have seen in a former chapter, is one of the great and 
important aspects of nature brought prominently before 
the thinking naturalist by Darwin's and Wallace's dis- 
coveries, and strongly urged forward by the independent 
arguments of Mr Herbert Spencer. It involves the 
great problems of Inheritance and Adaptation. What 
are the facts, and what the causes of variation, of the 
moving and propelling principle in natural selection and 
evolution ? The latter is a physiological problem — tlie 
former is one of statistics. 


thought or human action which 
evolutionism leaves exactly where 
it .stood before the advent of the 
Darwiiiiau conceptic»n. hi nothing 
is tliiH fact more coiifepicuoualy seen 
than in the immediate obsolescence 
(so to speak) of all the statical 
])re-Darwmian philosophies which 
Ignored development, as soon as 
ever the new progressive evolu- 
tionary theories had fairly burst 
upon an astonished world. Dog- 
matic* Comte was left forthwith to 
his little hand of devoted adherents ; 
shadowy Hegel was relegated with 
a bow to the cool shades of the 
common-rooms of Oxford; Buckle 
was exploded like an indated wind- 
bag ; even Mill himself , — niagnum 
et venemhilc — with all his 

mighty steam - hammer force of 
logical directness, was felt instinct- 
ively to be lacking in full appreci- 


ation of the dynamic and kinetic 
element in universal nature. 
Bpencer and Hartmann, Haeckel 
an<l Cliffbi d, had the field to them- 
selves for the ebtablishmeut of their 
essentially evolutionary systems. 
Great thinkers of the elder genera- 
tion, like Bain and Lyell, felt bound 
to remodel their earlier conceptions 
by the light of the new Darwinian 
hypotheses. Those who failed by 
congenital constitution to do so, 
like Carlyle and ilarpenter, were, 
philosophically speaking, left hope- 
lessly behind and utterly extin- 
guished. Tho-se who only half 
succeeded in thus reading them- 
selves into the new ideas, like 
Lewes and Max Muller, lost ground 
immediately before the eager on- 
slaught of their younger com- 
petitors” (loc. citi p. 197). 
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The first who seems to have fully grasped the Dar- 
winian problem from this point of view is Mr Francis 
Galton,^ who in a series of papers, and notably in his 
well-known works on ‘Hereditary Genius’ (1869) and 
on ‘ Inheritance’ (1889), made a beginning in the statis- 
tical treatment of the phenomena of Variation. The 
novel point of view which was thus introduced into 
natural science was perhaps somewhat obscured by its 
immediate application to a most difficult and unique 
problem, which can hardly be discussed without im- 
porting what may be called a sentimental bias. This 
was the question of the connection through descent 
of those rare occurrences in human nature which we 
term genius. Mental phenomena had been almost 
entirely passed over^ by Darwin. The results which 
Mr Galton arrives at, so far as the phenomena of genius 
are concerned, are of minor importance compared with 
the general methods which he introduced or suggested 
for dealing with statistics of heredity. In these he 
combined the ideas of Quetelet with that remarkable 


^ Mr Francis Galton (born 1822, 
a grandson of Erasmus Darwin) 
had, like his celebrated cousin, 
begun his career as a medical 
student, and then become a well- 
known traveller and explorer. 
Subsequently he* devoted himself 
to meteorology, where he drew 
attention to the existence and 
theory of anti-cyclones. His first 
publication, referring not to physi- 
cal but to human statistics, ap- 
peared in ‘Macmillan's Magazine’ 
in 1865, in the shape of two 
articles on “ Hereditary Talent 
and Character.” Here he intro- 
duced the ‘‘theory of hereditary 

VOL. II. 


genius,” which was “usually 
scouted.” He rightly claims “to 
be the first to treat the subject in 
a statistical manner, to arrive at 
numerical results, and to introduce 
the ‘law of deviation from an 
average ’ into discussions on 
heredity ” (Preface to ‘ Hereditary 
Genius,’ published one year after 
Darwin’s great work in which was 
put forward the hypothesis of 
Pangenesis). 

2 As stated by Darwin himself. 
See ‘Animals and Plants under 
Domestication’ (1868), voL ii. p. 
353. 

2 Q 
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speculation of Darwin’s which he put forward at the 
end of his work on 'The Variation of Animals and 
Plants under Domestication’ ( 1868 ) — the theory of 
Pangenesis.” " This hypothesis implies that the whole 
organisation, in the sense of every separate atom or unit, 
reproduces itself. Hence ovules and pollen-grains, the 
fertilised seed or egg as well as buds, include and consist 
of a multitude of germs thrown off from each separate 
atom of the organism.”^ These germs he calls gem- 
mules, and admits that they agree to some extent with 
Buflbn’s organic molecules, only that neitlier in these nor 
in Spencer’s physiological units does it seem cdear that 
each independent or autonomous ” organic unit, say 
each cell, throws off' or contributes its free geinmule (or 
gemmules), which is capable of reproducing a similar 
cell.' 

The theory of Pangenesis has not found much favour 
with biologists.^ For their purposes it would be neces- 


^ Loc, cii., vol. ii. p. 358. 

“ Phy biologists agree that the 
whole oi-ganism confeists of a multi- 
tude of elemental parts, which are 
to a great extent independent of 
each other" {loc. cii,, vol. ii. y>. 
368). Darwin then quotes Claude 
Rernard (18UU) and Virchow (1860) 
<tn the doctrine of the ^‘autonomy ” 
uf cellH : “ I assume that the gem- 
mules in their dormant state have 
a mutual aflinity for each other, 
leading to their aggregation either 
into buds or into the sexual ele- 
ments (p. 374). “ Phy.siologists 

maintain, as we have seen, that 
each cell, though to a large extent 
tlependent on others, is likewise, to 
a certain extent, independent or 
autonomous* I go one small step 
farther, and assume that each cell 


easts off a free gemmule, which is 
capable of reproducing a similar 
cell" (p. 377). “As each unit, or 
group of similar units throughout 
the body, casts off its gemmules, 
and as ail are contained within the 
smallest egg or seeil, and within 
each spermatozoon or pollen grain, 
their number and rninutene&s 
must be something inconceivable" 
(p. 378). ♦ 

® Grant Allen dismisses the 
whole speculation in the fol- 
lowing words : “ The volume on 
the variation of animals and 
plants contained also Darwin^s one 
solitary contribution to the pure 
speculative philosophy of life^ — his 
‘ Provisional Hypothesis of Pan- 
genesis,’ by which he strove to 
account, on philosophical principles, 
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sary to define somewhat more clearly what those units 
or gemmules are. This has accordingly been attempted 
in several other hypotheses put forward about the 
same time or somewhat later ; each thinker having 
elaborated, when so inclined, his own fanciful picture, 
following consciously or unconsciously in the line of 
Spencer’s physiological units. We have in Germany 
Wageli’s micellar theory, Haeekers kinetic hypothesis, 
Prof. Weismann’s idioplasma theory, and Prof. Pfiuger’s 
theory of the compound organic molecule. All these 
theories attempt to bring biological phenomena into 
closer connection with the firmly established concep- 
tions current in physics and chemistry, where atomism 
and kinetics have been so successfully used in analysing 
and, to a smaller extent, in putting together the com- 
plex processes of nature. Of this I treated in former 
chapters. But the hypothesis of Darwin is capable of 
another treatment. Wherever we have to deal with a 
large, an immense number of single elements or units, 
which in their totality form certain phenomena, there 


for the general facts of physical 
find mental heredity. Not to 
mince in.itterR, it was his gne 
conspicuous failure, and is now 
pretty universally admitted as 
such. Let not the love of the 
biographer deceive us ; Darwiu 
was here attempting a task ulira 
tdrrs. As already observed, his 
mind, vast as it was, loaned rather 
to the concrete than to the 
abstract side : he lacked the 
distinctively metaphysical and 
speculative twist, estrange to say, 
too, his abortive theory appeared 
some yeai’s later than Herbert 
Spencer’s magmiicent all-sided con- 
ception of ‘ Physiological Units,' 


put forth expressly to meet the 
self-same difficulty. But while 
Darwm’s hypothesis is 1 ‘udely 
materialistic, Herbert Spencer's 
is built up by an acute and 
subtle analytical perception of all 
the analogous facts in universal 
nature. It is a singular instance 
ot a crude and os.'sentially un- 
plnlosophic conception endeavour- 
ing to replace a finished and 
delicate philosoxihical idea” {loc. 
ciLy p. 120). See also many 
references to the unfavourable 
criticisms of Pangenesis in the 
third volume of the ' Life of 
Charles Darwin,’ 


80 . 

bends itself 
to statistical 
treatment 
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is room for the statistical treatment. This treatment 
entirely ignores the definite nature of the component 
units, and merely investigates those properties which 
depend upon aggregation in large numbers, the average 
or mean results, and the chances of deviations or vari- 
ations. Now, if organic beings are supposed to be made 
up of immeasurably large numbers of units transmitted 
to them by inheritance, and capable of self-multiplication, 
they must be subject to certain regularities, to regular 
deviations or recurrent changes ; and, under the influ- 
ence of selection, be it artificial or automatic, to 
certain developments which can be studied without a 
precise knowledge of the biological, chemical, or physi- 
cal nature of these units themselves, or of the mechan- 
ism of their movements. Economics, meteorology, the 
kinetic theory of gases, deal in this way with complex 
phenomena, the exact individual history of which they 
are quite incapable of narrating. As in the case of the 
kinetic theory of gases we had to translate into statis- 
tical language the phenomena of pressure, temperature, 
volume, available or hidden energy, &c., so in dealing 
statistically with biological phenomena, such as inherit- 
ance, on the basis of the theory of Pangenesis, we have 
to translate into statistical language such phenomena as 
‘'types, sports of nature, stability, variation and in- 
dividuality.'’ "The word man,” as Mr Oalton says,^ 
“ when rightly understood, becomes a noun of multitude, 
because he is composed of millions, perhaps billions, of 
cells, each of which possesses in some sort an independ- 
ent life, and is parent of other cells. He is a conscious 
^ * Hereditary Genius ’ (1892), pp, 349, 850. 
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whole, formed by the joint agencies of a host of what 
appear to us to be unconscious or barely conscious 
elements. . . . The doctrine of Pangenesis gives excellent 
materials for mathematical formulas, the constants of 
which might be supplied thx’ough averages of facts.'' ^ 
Mr Galton does “ not see any seiious difficulty in the 
way of mathematicians in framing a compact formula, 
based on the theory of Pangenesis, to express the com- 
position of organic beings in terms of their inherited 
and individual peculiarities, and to give us, after certain 
constants had been determined, the means of foretell- 
ing the average distribution of characteristics among a 
large inultidiide of offspring whose parentage was 
kiiown.^ ... In short, the theory of Pangenesis brings 
all the influences that bear on heredity into a form that 
is apijropriate for the grasp of mathematical analysis." 

Evidently in the mind of Mr Galton the problem of 
heredity divides itself into two distinct problems; and 
he has himself laboured at the solution of both. We 
may call the one the “ historical ” or the '' mechanical " 
problem, the other the “ statistical " problem, following 
the distinction which Maxwell drew when dealing with 
the kinetics of gases. The histoiical problem would 
involve a more detailed account of the nature of those 
organic units^ which the theory of Pangenesis, in common 
with other similar theories, like those of Buffon and 
Niigeli, assumes, and of the mechanism by which they 
unite and are transmitted. If this is impossible, or at 
all events highly hypothetical, the actual following up — 
by observation and experiment — of the phenomena of 

Ibid.-p. 358. 


40 

Problem o 
Heredity. 


^ ‘Hereditary Genius’ (1892), p. 356. 
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variation in special instances would at least allow us to 
accumulate many interesting life-histories of families of 
living creatures, and might some day lead to important 
generalisations. Mr Galton has himself made an 
attempt to modify and further elaborate the hypothesis 
of Pangenesis ; ^ and Mr William Bateson has given us, 


^ Mr Gallon in 1871 advanced 
certain objections to the theory 
of Pangenesis, based upon experi- 
ments made with the transfusion 
of blood, and tending to show that 
blood cannot he the carrier of the 
germs or gemmulcs. tSee a jjaper 
read before the iioyal Society, 
Mai’ch 30, 1871. Darwin did not 
think P.uigeneHis had ‘‘received itb 
deathblow, though from pro&eiitiug 
HO many vulnerable point.s, its life 
IS always in jeopardy” (‘Jjife of 
Dai will,’ vol ill. p. 195) In 187.5 Mr 
Gallon published an article in the 
‘ Coiitem])orary Review/ vol. xxvii. 
p. SO, entitled ‘‘ A '’J''heory of Hered- 
ity,” ill which he put what may be 
termed the atomic theory of lite 
and its projiagation into a form in 
which it might serve as a working 
formula for statistical research. 
It is a mistake to look upon .any 
such theory iis a biological, 
mechauical, or liktorical explana- 
tion For statistical purposes only 
the scantiest data need be liurrovved 
from biology. There is, however, 
one very important biological con- 
ception which Galton introduced, 
%vhich is not contained in Darwin’s 
“ provisional hypothesis,” and which 
somewhat later became celebrated 
mainly througli the writings of 
Prof. Weismann. This is the dis- 
tinction between the germ-plasma 
and the body -plasma, the fornier 
preserving the continuity of life 
and inheritance, whereas the latter 
forms the character of the indi- 
vidual, and is probably Rterile. In 
fact, Galton, from a purely statis- 


tical point of \iew, anticipated —as 
severtil other naturalists did, from 
various othei aspects— the theory 
of the didereiitiation of the ger- 
minal firmi tlie personal portions 
or aggregates oi life units in the 
“ stirp ” or sum - total ot organic 
units of some kind which are to be 
found in the newly feiiilised ovum. 
Prof. ,1, A. Thomson (‘ The {Science 
of Life,’ p. 147) gives the following 
succinct statement of the conce])- 
tion of ‘‘ stir])s ” : “First. Only 
some of the germs within the stirp 
.attain development in the eells of 
tlie ‘body,’ It Is the dominant 
gcriiiri which so develop. Second. 
Tiie residual geiins and their pro- 
geny foi'in the sexual elements or 
buds, Tho part of the stirp 
developed into the ‘ body ’ is idmost 
sterile. , . , '^fiie continuity is kept 
up by the undoveiojied residual 
portion. Third. The direct descent 
is not betw^een bo<ly and body, but 
between stir{) and stirp. The stirp 
of the child may he considered to 
have descended directly fioni a 
part of the stirps of each of its 
parents; but then the personal 
structure of the child is no more 
than an imperfeef representation of 
his own stiip, and the personal 
structure of each of the parents is 
no more than an imperfect repre- 
.sentation of each of their own 
stirpH, This is a definite expression 
of the notion that the germinal cells 
of the offspring are in direct contin- 
uity with those of the parents. The 
autithesiH bet\yeen the ‘ soma ’ and 
the chain of sex-cells is emphasised.” 
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in his ‘ Materials for the Study of Variation,’ a remark- 41 

Mr Bateson’s 

able specimen of the historical treatment of the problem. 

But the aspect we are at present specially interested in 
is the other one which, in the course of Mr Galton’s 
studies, ha,s presented itself to him with increasing clear- 
ness, namely, the bearing which the general laws of 
averages and statistics have on the facts of inheritance. 

Thus, in his second main contribution to the subject, 
which appeared in 1889, twenty years after the earlier 
work, the statistical problem comes out much more 
clearly, and quite separated from the mechanical or the 
historical one. The hypothesis of Pangenesis is retained 
only as a general scheme which suggested “ the idea 
though not the phrase of particulate inheritance.'’ It 
was felt to be no longer necessary, for the purpose of 
the problem, “ to embarrass ourselves with any details of 
theories of heredity beyond the fact that descent either 42. 
was particulate or acted as if it were so.”^ And what ate” descent, 
is meant by '‘particulate” (id., “bit by bit”) is illus- 
trated in the following expressive manner : ^ “ Many of 
the modern buildings in Italy are historically known to 
have been built out of the pillaged structures of older 
days. Here we may observe a column or a lintel serving 
the same purpose for a second time, and perhaps bearing 
an inscription that testifies to its origin ; while as to the 
other stones, though the mason may have chipped them 
here and there and altered their shape a little, few if 
any came direct from the quarry-” “ This simile gives a 
rude though true idea of the exact meaning of Particulate 
Inheritance — namely, that each piece of the new structure 

^ * Natural Inheritance/ p. 193. Ibid., p. 8. 
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is derived from a corresponding piece of some older one, 
as a lintel was derived from a lintel, a column from a 
column, a piece of wall from a piece of wall ... We 
appear to be severally built up out of a host of minute 
particles of whose nature we know nothing, any one of 
which may be derived from any one progenitor, but 
which are usually transmitted in aggregates, considerable 
groups being derived from the same progenitor. It would 
seem that while the embryo is developing itself, the 
particles more or less qualified for each new post wait, 
as it were, in competition to obtain it. Also that the 
particle that succeeds must owe its success partly to 
accident of position and partly to being better qualified 
than any equally well-placed competitor to gain a lodg- 
ment. Thus the step-by-step development of the embryo 
cannot fail to be influenced by an incalculable number of 
small and mostly unknown circumstances.'’^ 

bTow, wherever we have to do with a very large 
number of unknown elements which combine to produce 
a result, we are introduced to those conditions witli 
which the theory of averages and probability deals. The 
curve of error discovered by Laplace and Gauss to 
picture the distribution of a large number of observations 
around the average or mean position, wliich is taken as 
the most probable or correct one, comes in ^as a valuable 
aid, not in studying the errors of natural growth, but as 
the graphical illustration of the deviations or variations 
which cluster around what we call tlie normal, or with 
Quetelet the mean, figure. Only the interest is now 
attached not so much to specifying and defining the 

^ * Natural Inheritance,’ p. 9. 
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hoinme inoym as to studying the deviations from this 
ideal standard. “ How little/' says Mr Galton/ “ is con- 
veyed by the bald statement that the average income of 
English families is flOO a-year, compared with what we 
should learn if we were told how English incomes were 
distributed." A crowd of data furnish for the astronomer 
the material out of which he has to choose the most 
probable, the correct figure, a crowd of observations 
furnish for the naturalist the material from which he 
has to learn how nature deviates from her types and 
exhibits variations which are the factors of change and 
development. Thus, under the hands of Mr Galton, the 
Law of Error becomes a Law of Distribution, and the 
whole machinery of the doctrine of probabilities, excogi- 
tated for the use of astronomers and others who are 
concerned with extreme accuracy of measurement, and 
without the slightest idea, until the time of Quetelet, that 
they might be applicable to human measures,^ become 
the only tools by which an opening can be cut through 
tile formidable thicket of difficulties that bars the path 
of those who pursue ' the science of man.' " 

Hence while most people regard statistics as dull, 
they become for the naturalist and student of human 
nature '' full of beauty and interest " ; there is scarcely 
anj'thing so^ apt to impress the imagination as the 
wonderful form of cosmic order expressed by the 
“ law of frequency of error." It would have been 
personified by the Greeks, and deified if they had 
known of it.” ^ 

* ‘Kalural Inheritance,’ j). 35. I “ Ihid., p. 02. 
lUd., pp. 56, 62. 1 Ihid., p, 66. 
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^ 43 Every mathematical instrument, when applied to a 

novel purpose for which it was not originally in- 
vented, ‘'derives as much benefit in its development 
as it confers through being made use of.” Thus Mr 
Galton’s application of the theory of error to the 
facts of distribution and variation not only enabled 
him to bring method and order into such questions 
raised by the Darwinian theory^ as natural selection, 


^ [t is perhaps premature to 
speak with great confidence of the 
actual results which have been 
gained by this novel brancdi of 
scientific iiniuiry, or of the practical 
impoitanco which these results may 
have in the future witli legard to 
some of the great social (|uestions 
Still, 111 a history ot thought it is 
of importance to note how, through 
Ml Galton’s writing.^, the problem 
of Inheritance has acquired quite 
a new aspect, Tliis finds expres- 
sion 111 his famou.^ so-called “law 
of filial regression, ” which goes 
against ‘‘the current belief that 
the cliild tends to resemble its 
jjarents” (p. 104). In fact, all 
opinions and tlieories which had 
been propoundc<l before Oalton, 
either popularly or scientifically, 
were based upon a one-sided re- 
gard to the more visiido portion 
of the ancestry — vijs., the parents ; 
wdieieas, if any genei\d theory like 
that of “ pangenesis,” or of “ stirps,” 
or of the “differentiation of the 
germ-plasma and tlie body-])laHina ” 
he made the basis of discussion, the 
whole ancestral tree mu&t be con- 
sidered to contribute to the for- 
mation of the cliaracters of any 
individual. In fact, we have be- 
fore us not one pair, hut an endless 
line of pairs which are, as the 
terms of a series, conneete<l hy 
the powers of the number two ; 
and it is then easily seen, without 


going into refinements (which, how- 
ever, in the fuither elaboration of 
the pioblem, may l»eoome very 
nnporkiiit), that the fiist term of 
the senes, whicli lepieseutb the 
parents, contributes only one-half 
ot the w'holo, that is, each [i.irent 
one quarter. It is also evident, if 
eacli parent only contributes on 
the aveiage one (juarter, tliai an 
0xce])tiuniil bias m any direction 
comniuuicated by them would be 
balanced in the long-run by the 
opposite action of the remaining 
ancestry, and that, contrary to 
Oldinary belief, inheritance would 
operate in the direction of bring- 
ing eacli iutlividual back to the 
average of the wdiole lineage. Mr 
Gallon fiist observed this law of 
regression to the average by definite 
countings with seeds and “a com- 
paratively small number of ob- 
servatiems of human stature ” ; and 
he remarks that if it was only by 
these experiments and observa- 
tions that 1 he law of regression had 
been established, ft could not have 
been expected that the truth of 
the apparent paradox would be 
recognised. When, however, the 
rule was once expressed, it was 
“easily shown that we ought to 
expect filial regression, . . . two 
different reasons for its occurrence ” 
existing-—** the one connected with 
our notions of stability of type, the 
other as follow's ; the child inherits 
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regression, reversion to ancestral types, extinction of 
families, effect of bias in marriage, mixture of in- 
heritance, latent elements, and generally to prepare 
the ground for the combined labours of the naturalist 
and the statistician; he was also able to put novel 
problems to the mathematician. 

To understand this latter point we must realise the 


partly from his parents, partly 
from his ancestry. In every pop- 
ulation that interinairies freely, 
when tlie genealogy of any man is 
traced far Ijackwai'ds, Ins ancestiy 
will be found to consist of such 
varied elenient& that they are 
indistinguisliable from a sample 
taken at hapbazaid from the 
geneial population.” As to the 
mathematical problem referred to, 
it wah submitted by Mr Calton in 
a deliinte form to Mr J. J). H. 
Licksfjiij whose solution is given 
in the appendix to ‘Natural In- 
heritance.’ On this solution Mr 
Oaltou remarks ; “ The problem 
may not be difliciilt to an ac- 
complished mathematician, but I 
ccituinly never felt such a glow 
of loyalty and respect tow'ards the 
sovereignty and wide sway of 
mathematical analysis as when his 
answer arrived, contirming, by pure 
mathoinatical reasoning, my vari- 
ous and laborious statistical con- 
elusions w-ith far more minuteness 
than I had dared to hope, because 
the data ran somewhat roughly, 
and I had to smooth them with 
tender caution. •. It is obvious 
from this close accord of calcula- 
tion with observation, that the law 
of Error holds throughout with 
sufliciout precision to be of real 
service, and that the various results 
of my Statistics are not casual and 
disconnected determinations, but 
strhdly interdependent” (p. 202), 
Another passage indicating how 
much the inferences from tlie law 


of regression run contrary to 
poxmlar opinions on inheiitance ih 
the following: ‘‘The law of Re- 
gression tells heavily against the 
full hereditary transmission of any 
gift Only a few out of many 
children w’ould be likely to difier 
from mediociity so widely a*® their 
mid-xiarent, and still fewer w’ould 
differ as widely jis the more exce^)- 
tional of the twm parents. The 
more bountifully the parent is 
gifted by nature, the more i*are 
will be his good fortune if he be- 
gets a son who is as lichly endowed 
as himself, and still more so if he 
has a son who is endowed yet more 
largely. But the law is e\ en- 
handed ; it levies an equal succes- 
sion -tax on the transmission of 
badness as of goodness. If it dis- 
courages the extravagant hopes of 
a gifted parent that his children 
wull inherit all his powers, it no 
less discountenances extravagant 
fears that they will inherit all his 
weakness and disease” (p. 106). 
Pi of. Karl Pearson (‘ The Grammar 
of Science,’ 2iid ed., p. 479) says 
of the law^ of ancestral inheritance : 
“If Darwinism be the true view 
of evolution—f.e., if w^e are to 
describe evolution by natural selec- 
tion comlnned with heredity — then 
the law w’hich gives us definitely 
and concisely the type of the off- 
Rjiring in terms of the ancestral 
peculiarities, is at once the founda- 
tion-stone of biology and the basis 
uj)ou which heredity hecome.s an 
exact branch of science.” 
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2reat difference which exists between dealin^:^ with a 
tJimn^^aSd number of lifeless and of living units. This 
units!^ difference becomes evident if we consider that in the 
former case the number of units is unalterable and 
the units are indestructible; in the latter the elements 
or units are subject to enormous increase and corre- 
sponding destruction, generally with a preponderance of 
the first. In the kinetic theory of gases we have to 
consider, in every finite system, the conservation or 
persistence of mass and motion, the two units we 
deal with. To these two properties of an immensely 
large crowd we have to reduce the various phenomena 
of pressure, temperature, volume, available or unavail- 
able energy. In the vast crowd of gemmiiles which 
build up a new organism or regenerate an existing 
one, we have to deal with a continual influx or 
creation of new units and a continual extinction and 
ejection of old or dead ones. Without venturing on 
any theory as to how this state of things has come 
a))Out, we may see that the mathematics and statistics 
of such crowds must be different from those referring 
to stable, lifeless assemblages. The twofold task 
arises of formulating the new problems and solving 
them. To the extent that this is possible we sliall 
be able to deal mathematically with the great prob- 
lem of variability ; and for the practical application of 
these mathematical formulae we shall have to collect 
long series of facts and data of measurements — the 
material which has to be statistically arranged and 
sifted, and which is to confirm the conclusions and 
test the results which calculation has brought out. 
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Mr Galton found ready, or instituted himself, vari- 
ous countings of large numbers, which formed valuable 
material for his mathematical schemes, and which 
confirmed them in a surprising degree. Some very 
elaborate series of measurements of the varying dimen- 
sions of individual members in large crowds of animals 
were published by Prof. Weldon, whose monograph on 
Crabs will always remain an historical document.^ It 
was noticed about the same time that the attempt to 
bring the measured deviations from the average into 
a symmetrical arrangement on the sides of more or 
less was impossible, and the fact had to be realised 
and mathematically expressed that special influences 
tending towards change on the intermixing of different 
varieties produced an asymmetrical distribution or fre- 
quency : ^ in fact, nature works with loaded dice, pro- 
ducing a bias in certain directions; this is the favour 
which, according to Darwin, Wallace, and Lamarck's 
ideas, must meet the better fitted individuals and 
exact from them a smaller tribute in the inevitable 
process of destruction and removal. 

We owe it to Prof. Karl Pearson to have first grasped 45. 

^ Prof. Pear- 

clearly and comprehensively the mathematical problem The 
involved, and to have soh'ed it in a manner useful for problem. 


1 See the ‘Proceedings of the 
Royal Society ’ since 1890, notably 
vol Ivii,, 1895, p. 360 sqq. 

- “An asymmetrical frequency 
curve may arise from two quite 
distinct classes of causes. In the 
first place the material measured 
may he heterogeneous, and may 
cousibt of a mixture of two or 
more homogeneous materials, , . . 


The second class of frequency 
curves arises in the ease of homo- 
geneous material when the tend- 
ency to deviation on one side of 
the mean is unequal to the tend- 
ency to deviation on the other 
side*’ (Karl Pearson, “'On the Ma- 
thematical Theory of Evolution,'’ 
‘Trans. Roy. Soc.,’ 1895, p. 344). 
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biological research.^ He has thus put into the hands of 
naturalists an instrument wherewith to describe graphi- 
cally the observed facts of variation and other allied 


^ A considerable literature has 
already accumulated in this novel 
branch of exact inquiry. The 
complete list of it is given in a 
pamphlet by Georg Duncker, en- 
titled ‘ Die Methode der Variations- 
statistik’ (Leipzig, 1899). From 
this list (p. 60) it will be seen that 
one of the earliest workers in the 
held of biological statistics was 
tlie botanist F. Ludwig, whose 
‘ Abschnitte der Mathematischen 
Bot.inik’ have appeared in various 
periodicals abroad since the year 
IS 83. The philosopher, however, 
to whom we are most indebted for 
the mathematical foundations of the 
whole theory, is, as noted above, 
Prof. Karl Pearson, whose “ Con- 
ti ibutions to the Mathematical 
Theory of Evolution” have been 
appearing since the year 1893 in 
the Trans, of the Royal Society. 
Very helpful abstracts of these 
contributions, covering a large 
field of uiatheinatical theory, and 
coutaining elaborate discussions of 
many of the terms recently in- 
troduced into liiological science, 
such as regression, reverhion, in- 
heritance, panmixia, selection, &c., 
will be found in the Proceedings of 
the Royal Society (1893, onwards). 
Also ill his collected essays, ‘The 
Cdiances of Death and other Studies 
in Evolution’ (2 vols., 1897} ; and, 
lastly, in the later chapters of the 
second edition of his ‘ Grammar of 
Science ’ (1890). From the latter it 
will be seen what far-reaching infer- 
ences may eventually be drawn 
from the quantitative treatment 
and mathematical discussion of 
biological data ; notalily the resultB 
so far gainetl “lead us to consider 
variation as a permanent attribute 
of living forms, which can hardly 


have been substantially modified 
since the beginnings of lite. In the 
same manner we find heredity in- 
timately associated with variation 
in the individual, and not diffeiing 
very substantially as we pass from 
one character to a second, oi from 
one to another form of life. We 
conclude that variation and inherit- 
ance rather precede than follow 
evolution ; they are, at j)re.sent, one 
fundamental mystery of the vital 
unit” (p. 502). Ih’of. Pearson, 
whose training was tliat of a 
mathematician and a lawyer, ap- 
proached the problems of biology 
from the exact point of view, and 
it is interesting to see how, m many 
ways, he comes to results similar to 
those ai nved at by one of the other 
great representatives of modern 
biological lesearch, Mr 'Wm. Bate- 
son. See his ‘ Materials for the 
Study of Variation, treated with 
especial regard to the discontinuity 
in the Origin of Species^ (1894), If 
I understand him rightly, his re- 
searches have led him to the con- 
clusion that variation cannot be 
the -work of natural selection, since 
ho has given “ such evidence as to 
certain selected forma of varia- 
tions ” as to afford “ a presumption 
that the discontinuity of which 
species is an expression has its 
origin, not in the environment, nor 
in any phenomenon* of adaptation, 
f)ut in the intrinsic nature of 
organisms tlieinsclvcs, manifested 
in the original discontinuity of 
variations” (p. .567). This “dis- 
poses, once and for all, of the 
attempt to interpret all perfection 
and definiteness of form as the 
work of selection, ... It suggests, 
in brief, that the discontinuity of 
species results from the discontinu- 
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phenomena, such as correlation, heredity, regression and 
panmixia, and he has shown how to analyse these graphi- 
cal tracings so as to indicate the several possible elements 
out of which they are compounded, representing separate 
agencies which are at work in nature. The mathemati- 
cal inventions of Fourier had similarly enabled physicists 
to analyse the complicated periodicity of tidal curves 
into their elements, and, under the hands of Ohm and 
Helmholtz, to resolve the harmonies of music. 

We have here arrived at the last stage of the devel- 
opment of the statistical view of nature. It has been 
variously judged by biologists according to the special 
views they take of their problems, and also according 


i ty < >f variation ” ( p* 6 8 ) . Mi B<ite- 
son expoctH groat aissistauce frum 
the .statistical methocU. “ Tlieie 
is/’ he says, “no common shell or 
butterfly ol whose variatioub some- 
thing vvtjuld not be learnt, were 
some hundreds of the same species 
collected from a few places and 
statistically examined in respect of 
some varying character. Any one 
can ttike part in this class of work, 
though few do” (p. 574). Not- 
withstanding the general resem- 
blance noted above between the 
ideas ot Mr Bate.son and of Prof. 
Pearson, they differ so much in 
detail as to he led to confess 
that they do not under.stand one 
another’s languages. Of. W. Bate- 
son, “ Heredity, Differentiation, and 
other Conceptions of Biology,” 
‘ hoy. Soc. Proc.,’ vol. Ixix, pp. 
198-20.5 ; IC. Pearson, “ On the 
Fundamental Conceptions of Biol- 
ogy/’ ‘ Biometrika,’ vol, i. pp, 320- 
344. Prof. Pearson’s view ih that, 
for the working out of the theory 
of evolution, “ biological conceptions 
can bo accurately deflneil, and so 
defined measured with (juanbita- 


tive exactness” {loc. cit., p. 324). 
Mr Bateson, on the other hand, 
regards them as to some extent 
out of the reach of mathematical 
dclinition and measurement. “ l^is- 
coutinuous variation ” in Mr Bate- 
son’s special sense — by winch vve 
may perhaps- understand great as 
distinguished from small but num- 
erous deviations from the average 
— Prof. Pearson regards as “statis- 
tically negligible for the purjiose 
of vital statistics” (pp. 333, 334) 
He, in fact, holds closer to Dar- 
winism as understood by Darwin, 
who never looked with much 
favour on Huxley’s view, for ex- 
ample, that “ sports,” as distin- 
guished fnim the sum of small 
differences in individuals, miglit 
furnish an appreciable part of the 
materials for natural selection. 
Mr Bateson’s view found favour 
with Huxley, as may be observed 
in the ‘Life ilhd Letters.’ On the 
novelty and value of Prof. Pearson’s 
methods, see also the Address by 
Prof, Weldon to the Zoological 
Section of the British Association 
in 1898. 
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linowledjj;e 

one-sided. 


to the degree in which they appreciate and are able to 
grasp mathematical methods. The subject is still under 
discussion, and will belong to the History of Thought of 
a coming age. It is enough to have indicated the latest 
lines of reasoning which our century has marked out, 
and to notice how they form a new and remarkable 
instance of the growth and diffusion of the exact or 
mathematical spirit in a deijartment of research hitherto 
almost untouched by it, prepared though it has been for 
such treatment by one among whose great endowments 
a grasp of mathematical reasoning hardly formed a dis- 
tinctive feature. In former chapters 1 have had occasion 
to show how Charles Darwin introduced into the science 
of nature two novel points of view — the genetic view 
and the process of judicial sifting of evidence. We may 
now add that he has indirectly, more than directly, 
furthered quite as much the statistical view of natural 
phenomena through which we have learned to find and 
trace law and order in great realms of phenomena and 
events usually supposed to be governed by what is 
termed blind chance. The study of this blind chance 
in theory and practice is one of the greatest scientific 
performances of the nineteenth century. 

But whilst acknowledging the great importance which 
the statistical treatment of phenomena havS acquired in 
our age, and the value of the statistical view of many 
large departments of natural processes which escape 
almost every other mode of dealing with them, we 
must not forget that it is essentially one-sided. 

Clerk-Maxwell has suggestively opposed it alike to the 
mechanical and the historical views, of which the former 
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tries to describe the general mechanism under which, 
the latter the individual steps and incidents Inf which, 
special events or phenomena proceed and are character- 
ised. Earlier chapters of this narrative attempted to 
give an account of the former, whilst the essentially 
historical treatment belongs to another portion of the 
work. The word history has generally been reserved for 
records which deal with those events in wliich human 
consciousness has played a large, if not an overwhehiiing, 
part, and has been able to assist the <d)server by its own 
accounts and representations. What should w*e know of 
huiiian life and human interests without them, ami how 
lielpless — in spite of minutest o1)Scrvati(jn — d(» we still 
appear to be in understanding the life of the brute 
and mute creation, even of the domestic animals, our 
daily friends and companions ? Jhit if history, as opjxised 
to statistics, really seems only possiblci wher<j the living 
voice or the surviving narrative of tliose who have de- 
parted helps us to a true umlerstanding of its incidents 
and its meaning, it also imposes upon us the task of sift- 
ing its value and trustworthineBs critically. Mathe- 
matics, logic, and statistics may <lo somet-hing to exclude 
the actually impossible or the highly improbable from 
a vast mass of material; but more delicate criteria are 
required in dealing with the accumulated testimony of 
bygone ages. With an unorring instinct of what, in 
addition to mathematical measurements, may be required 
in order to accomplish this task, the nineteenth century 
has not only nursed the scientific spirit and cultivated 
its methods, but with equal diligence and originality 
those other methods wliich lie at the foundation of 
VOL. n. 2 It 
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48 . 

The instru- 
ment of 
exact re- 
search. 


all recent philosophical thought — the methods of 
criticism. 

And yet, before taking leave of science and entering 
on a comprehensive appreciation of the workings of 
the Critical Spirit with which all our thought seems 
to be permeated, I owe to my readers the attempt 
to answer one remaining question. If it be true, 
as the foregoing narrative has abundantly insisted, 
that through the increasing application of mathematical 
methods of measuring and calculating, our thought has 
become truly scientific and our knowledge accurate and 
useful for describing and predicting phenomena, as also 
for manifold practical applications, we may be curious to 
know whether the refined instrument, mathematical 
thought itself, has been subject to such change and 
development as has been undergone by the various 
branches of science to which it has been applied. In 
fact, we have to ask the question, How has mathe- 
matical thought itself fared in the course of the nine- 
teenth century ? The concluding chapter of the present 
voUime will try to give a reply to this question. 
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CHAPTER XIIL 

ox TUB DEVELOPMENT OF MATHEMATICAL TIIOUOUT DUKINC 
THE NINETEENTH CKNTniV. 

In venturing upon the last and iiujst abstract portion of i. 
the great domain of Scientific Thought of the centiny, it 
may he well to remind the reader that it is not a history 
of science but a history ol tliought that I am writing. 

Wlien dealing in the foregoing chapto’S with mani- 
fold discoveries, drawn proiniscuously fi'om the various 
natural sciences, I have done so only to show how the 
scientific mind has, in the course of the period, come 
to regard the things of nature from different points of 
view, and to think and reason on them dillerently. 

Such changes have frcrpiently been brought al)out hy 
tiie discovery of novel facts, but this alone has not 
generally sulliced to mark also a chango in the manner 
of reasoning on and thinking about them. Tlie increase 
in the number of natural species, of the chemical ele- 
ments or of the smaller jilancts, has not necessarily 
made us think differently about those things in them- 
selves : the theory and point of view may change without 
any change in the object towards wliich they are directed, 
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for they mark more the attitiule of the hehohlcr than 
the things which he regards, ft is that a very 
small addition to our actual knowltMlge of facts, like the 
sudden appearance of some characteristic feature in a 
landscape, may sometimes entirely alter the whole aspect, 
induce us to abandon our accustomed views, a, ml call up 
suddenly an unforeseen train of ideas; in such a case, 
perhaps, this insignificant discovery bccfnm^s liistni’ieally 
interesting, although it is mainly l)y tln^ alhirtul trains 
of thought which it has evok(‘d that it has l>cc()me 
important to us. 

2. The difference of scientific knowletige ami scienthic 

Difference ' " 

aoStand owing to tho twii fnotoi's wliicli uro 

knowledge, involved — the facts of scuince or naliiro on Iho one side 
and the seieiitifically thinking mind on tho otiier. Now 
it might appear as if this diil'croiico vanislicd when wo 
approach the abstract science of mathematics, or at least 
that of number; for in nuinltering and cfuinting we 
have really only to do with a {n'oeoss of thought, and it 
would seem as if tho science of nunibcr wei'c itself the 
science of tiiought, or at least a ]iortion of it. In fact, 
the question arises, Is there any iliflcren(!e between 
mathematical science and inatlio.niatical thouglit ? Home 
considerations might induce us to think tiiat there is 
not. On the other siile, I shall try to show in tliis 
chapter that there is, and t,luit tho tlovolopunmt of 
mathematics during our period has brought this out 
very clearly and prominently. 

rojintor There is an opinion oiirront among many tliinking 
^rding' persons who have not occupied themselves with mathe- 
i»ato. matical science, though they may be very cflicieut in 
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calculating and measuring, that there is really nothing 
new in mathematics, that two and two always make 
four, that the sum of the angles in a triangle always 
make two right angles, and that all progress in mathe- 
matics is merely a question of intricacy, a never-ending 
process of increased complication by which you can 
puzzle even the cleverest calculator. To them the his- 
tory of mathematics would be something analogous to 
the history of games like whist or chess, the resources and 
complications of which seem to be inexhaustible. So tlioy 
tliink ^ that the intricacies and refinements of elementary 
and higher mathematics will supply endless material for 
training the minds of schoolboys or trying the ingenuity 


^ “ Some people have been found 
to regard all mathemiitiCH, alter the 
47th propoaition of Euclid, as a 
sort of morbid secretion, to he 
compared only with the pearl said 
to be generated in the diaeabed 
oyster, or, as I have heard it de- 
bcribed, ‘ une excroissancc maladive 
de Tesprit humain.’ Othex'S find 
Its justificatif)!!, its raison (Votre^ in 
its hcing either the torch- hearer 
leading the way, or tlie handmaiden 
holding up the train of Physical 
Science ; and a voi'y clever writer 
ill a recent magazine article ex- 
presses Ills doubts whether it is, in 
itself, a mni'e serious pursuit, or 
xiiore worthly of interesting an in- 
tcllectual human being, than the 
btudy of chess j«*ohlems or Chinese 
puzzles. What is it to us, tliey 
say, if the three angles of a triangle 
are otpial to two right angles, or if 
every even number is, or may be, 
the sum of two primes, or if every 
equation of an odd degree must 
have a real root ? How dull, stale, 
flat, and unprofitable arc such and 
such like announcements ! Much 
more interesting to read an account 


of a marriage in high life, or the 
details of an international boat- 
race, Put this is like judging of 
architecture from being shown some 
bricks and mox-tar, or even a ([uar- 
ried stone of a public building, or of 
painting fi*om the colours mixed on 
the palette, or of music by listening 
to the thin and screech sounds pro- 
duced by a how passed hafihazard 
over the .strings of a violin. The 
world of idciiH which it discloses or 
illuminates, the contemplation of 
divine beauty and order which it 
induces, the hax'monious connexion 
of its parts, the infinite hierarchy 
and absolute evidence of the truths 
with which it is concerned, these, 
an<l such like, are the surest grounds 
of the title of mathematics to 
human regard, and would remain 
unimpeaclied and unimpaired were 
the plan of the universe unrollc<l 
like a map at our feet, and the 
mind of man qualified to take in 
the wdiolo Rchernc of creation at a 
glance ’’ (Prof. J. J. Sylvester, 
Address before Brit. Assoc., see 
‘ lieport,* 1869, p, 7). 
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Use of 
matlie- 
m&tics 


of senate-house examiners and examinees, without for a 
moment considering the question whether mathematical 
thought as distinguished from mathematical problems is 
capable of and has undergone any radical and funda- 
mental change or deyelopment. 

Closely allied with this is the further question as to 
the use of mathematics. Two extreme views have always 
existed on this point.^ To some, mathematics is only a 
measuring and calculating instrument,^ and their interest 


^ Of the two greatest mathemati- 
cians of modern times, Newton and 
Gauss, the former can be considered 
a&> a representative of the first, the 
latter of the second class ; neither of 
them was exclusively so, and New- 
tion’s inventions in the pure science 
of mathematics were probably equal 
to Gauss’s work in applied mathe- 
matics. Newton’s reluctance to 
publish the method of fluxions in- 
vented and used by him may per- 
haps be attributed to the fact that 
he was not satisfied with the logical 
foundations of the calculus ; and 
Gauss IS know’n to have abandoned 
his electro-dynamic speculations, as 
he could not find a satisfactory 
physical basis (see supra, p. 67). 
Others who were not troubled by 
similar logical or practical scruples 
stepped in and did the work, to the 
great benefit of scientific progress. 
Newton’s greatest work, the ‘ Prin- 
cxpia,’ laid the foundation of mathe- 
matical physics ; Gauss’s greatest 
work, the ‘ Disquisitiones Arith- 
metics, ’ that of higher arithmetic 
as distinguished from algebra. 
Both works, written in the syn- 
thetic style of the ancients, are 
difficult, if not deterrent, in their 
form, neither of them leading the 
reader by easy steps to the 
results. It took twenty or more 
years before either of these works 
received due recognition ; neither 


found favour at once before that 
great tribunal of mathematical 
thought, the Pans Academy of 
Sciences. Newton’s early reputa- 
tion was established by other 
researches and inventions, notably 
in optics ; Gauss became known 
through his theoretical rediscovery 
of Ceres, the first of the minor 
planets (see above, vol. i. p. 182). 
The country of Newton is still pre- 
eminent for its culture of mathe- 
matical physics, that of Gauss for 
the most abstract W’ork in mathe- 
matics. Not to speak of living 
authorities, I need only mention 
Stokes and Clerk -Maxwell on the 
one side, Grassmann, Weierstrass, 
and Georg Cantor on the other. 

'^Huxley said: “Mathematics 
may be compared to a mill of 
exquisite ’workmanship which grinds 
you stuff of any degree of fineness : 
but, nevertheless, what you get out 
depends on what you put in ; and 
as the grandest mill in the world 
will not extract ^/heat-flour from 
peas-cods, so pages of formulUi will 
not get a definite result out of 
loose data”; and on another occa- 
sion he said that mathematics “ is 
that study which knows nothing of 
observation, nothing of induction, 
nothing of experiment, nothing of 
causation. ” The former statement 
was endorsed by Lord Kelvin 
(*Pop. Lectures,’ &c,, vol. ii. p. 
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ceases as soon as discussions arise which cannot benefit 
those who use the instrument for tlie purposes of 
application in mechanics, astronomy, physics, statistics, 
and other sciences. At the other extreme we have 
those who are animated exclusively by the love of pure 
science. To them pure mathematics, with the theory of 
numbers ^ at the head, is the one real and genuine 
science, and the applications ha\^e only an interest in 
so far as they contain or suggest problems in pure 
mathematics. They are mainly occupied with examin- 
ing and strengthening the foundations of mathematical 
reasoning and purifying its methods, inventing rigorous 
proofs, and testing the validity and range of applicaliility 
of current conceptions. We may say that the former 
are led by practical, the latter by philosophical, interests, 
and these latter may be either logical or ontological,- 


102); the latter was energetically 
lepudiated by Sylvester in his 
famous Address to the tir&t section 
of the British Assoc, at Exeter 
(1869, ‘Heport,’ &c., p. 1, &c ) 

^ Gauss coiibiderecl matliematic.’s 
to be ^‘the Queen of the >Sciei;ices, 
and arithmetic the Queen of Matlie- 
maties. She frei|ueiitly conde« 
scends to do service for astronomy 
and other natural science.s, but to 
her belongs, under all circuiU" 
btaiKies, the foremo.'st place ” (see 
‘Gauss Kum Gedachtniss,’ by Sar- 
torius von VYalter.shaust*n, Leip/ag, 
1856, p. 79). tlayley’w prchidential 
Address to the British Association, 
1888, has been frefj[ueutly quoted ; 
“Mathematics connect themselves 
on one side with cumuion life and 
the physical sciences ; on the other 
side with phi}o.>t)phy in regard to 
our notions of Hj)ace find time and 
the (questions which have arisen as 
to the universality and necessity of 


the truths of mathematics, and the 
foundation of our knowledge of 
them. I would remark here that 
the connection (if it exists) of 
aritlmietic and algebra with the 
notion of time is far less obvious 
than that of geometry with the 
notion of space ” (‘ Mathematical 
Papersd vol xi. p. 130). In luhli- 
tioii to founding liigher arith- 
metic, Gauss occupied himself with 
the foundations of geometry, and, 
as he expected much from the 
development of the theory of num- 
bers, HO he placed “great hopes mi 
the cultivation of the tjemeirm 
aUm, in which he saw large unde- 
velojied tracts which could not be 
conquered by the existing calculus ” 
(Bartorius, loc, cU,, p. 88), 

® To this might be added the 
psychological intere.st which at- 
tachoH to mathematical concep- 
tio»B. The late Prof. Paul Du 
Bois - Tieymoud occupied himself 
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inasmucli as number and form are considered to be 
the highest categories of human thought, or likewise as 
the ultimate elements of all reality. These two interests 
existed already in antiquity,^ as the word “ geometry 


much with the question. See the 
following works ; ‘ Die Allgemeine 
Punctionentheorie,’ part i., Tub- 
ingen, 1882 ; ‘ Ueber die Grund- 
lagen der Erkenntniss in den ex- 
acten Wissenschaften,’ Tubingen, 
1890; and his paper “Ueber die 
Paradoxien des Infinitarcalculs ” 
Mathemaiische Annalen,’ vol. ix. 
p. 149). In addition to the two 
main interests which attach to 
mathematical research, and which 
I distinguish as the practical and 
the philosophical, a third point of 
view has sprung up in modern 
times which can be called the 
purely logical. It xDroposes to 
treat any special development of 
mathematical research with the 
aid of a definite, logically con- 
nected complex of ideas, and not 
to he satisfied to solve definite 
problems with the help of any 
methods which may casually pre- 
bcnt themselves, however ingenious 
they may be. In this way the 
great geometrician, Jacob Steiner, 
e.g., refused the assistance of ana- 
lysis m the solution of geometrical 
problems, conceiving geometry as 
a complete organism which should 
solve its pioblems by its own 
means. This view has been much 
strengthened by the development 
in modern times of the theory of 
Groups ; a group of operations 
being defined as a sequence of such 
operations as always lead back 
again to operations of the same 
kind. Mathematical rigorists in 
this sense would look u])on the 
use of mixed methods or opera- 
tions not belonging to the same 
group with that kind of disfavour 
with which we should regard an 


essayist who could not express his 
ideas in pure English, but was 
obliged to import foreign words 
and expressions. It is interesting 
to see that the country which has 
ofiended most by the importation 
of foreign words — namely, Ger- 
many — is that in which this puiissm 
in mathematical taste has found 
the most definite expression (See, 
inter alia, Prof, Friedrich Engel s 
Inaugural Lecture, “Der Gesch- 
mack in der neueren Matheinatik,’ 
Leipzig, 1890, as also Pretf. F. 
Klein’s suggestive tract, ‘ Ver- 
gleiuhende Bebraclitungen iiber 
neuere Gcometnsche Forschungeu,’ 
Erlangen, 1872.) 

^ The literature of this subject 
is considerable. I confine myself 
to two works. The late eminent 
mathematician, Hermann Hankel, 
of whom more in the sequel of 
this chapter, beside.s showing much 
originality in the higher branches 
of the science, took great interest 
in its philosophical foundations 
and historical beginnings. In 1S70 
he published a small but highly 
interesting volume, ‘ Zur Ge- 
schiulite der Mathematik in Alter- 
ihutn und Mittelalter ’ (Leipzig, 
Teubner). We have, besides, the 
great work of Prof. Moritz Cantor, 

‘ Vorlesuugen uber Geschichte der 
Mathematik,’ in three large volumes 
(Leip)Z]g, Teubner).'® It brings the 
history down to 1758. Kef erring 
to the two interests which led to 
mathematical investigations, Hankel 
says (p. 88) : “ From the moment 
that Greek philosophers begin to 
attract our attention through their 
mathematical researches, the as- 
pect which mathematics present 
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and the well - known references to mathematical ideas 
in the schools of Pythagoras and Plato indicate. An 
ancient fragment^ which enumerates briefly the Grecian 
mathematicians, says of Pythagoras, “ He changed the oc- 
cupation with this branch of knowledge into a real science, 
inasmuch as he contemplated its foundation from a 
higher point of view, and investigated the theorems 
less materially and more intellectually ; ” ^ and of Idato 
it says that '‘Pie filled his writings with mathematical 
discussions, showing everywhere how much of gcomeiiy 
attaches itself to philosophy/’^ 

This twofold connection of mathematical with r>ther 
pursuits has, after the lapse of many centuries, come 
prominently forward again in the nineteenth century. 
We have already had to record a powerful stimulus to 
mathematical thought in almost every chapter in whiclj 
we dealt with the fruitful ideas which governed scientific 
work, and we have now no less to draw attention to the 
philosophical treatment which has been bestowed upon 
the foundations of science and the inroad of mathemati- 


<changcs radically. Whilst among 
the earlier civilised nations we only 
meet with routine and practice, 
with empirical rules which served 
pi'actical purposes in an isolated 
manner, the Grecian mind on the 
other side recognised, from the 
first moment ^when it became 
aiujuuinted with this matter, that 
it contained something which tran- 
scended all those practical ends, 
hut which was worthy of special 
attention, and which could be ex- 
pressed in a general form, be- 
ing, in fact, an objcict of science. 
This is the high merit of the Greek 
mathematicians ; nor need one fear 


that this merit shouhl be dimin- 
ished by admitting that they bor- 
rowed the new xn.it<srial from the 
ancient Egj^itian civilisation.” 

^ The fragment referred to is 
preserved by Proclus, and is given 
in full in Cantor’s work (vol. i. p. 
VM He calls it an ancient 

catalogue of mathematicianK, It 
is generally attributed to Eudemus 
of Khodes, who belonged to the 
peripatetic school of philosophy, 
and was the author of several his- 
torical treatises on geometry and 
astronomy (Cantor, vob i. p. 108). 

Cantor, vol i. p. 137. 

Ibid,, p. 213. 
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6 . 

Origin of 

matlie- 

raaticjs 


cal into philosophical thought;^ so much so that this 
closing chapter on the development of mathematical 
thought forms a fitting link with the next great depart- 
ment of our subject — the Philosophy of the Century. 

We are told that mathematics among the Greeks had 
its origin in the Geometry invented by the ancient 
Egyptians for practical surveying purposes. The first 
mathematical problems arose in the practice of men- 
suration. Modern mathematical thought received in 
an analogous manner its greatest stimulus through the 
Uranometry of Kepler, Newton, and Laplace : through 
the mechanics and the survey of the heavens new 
methods for solving astronomical problems were in- 
vented in the seventeenth and eighteenth centuries, 
and the nineteenth century can be said to have at- 
tempted to perforin towards this new body of doctrine 
the same task that Euclid, three hundred years before 
the Christian era, performed towards the then existing 
mathematics. As Proelus tells us, “ putting together 
the elements, arranging much from Eudoxus, furnishing 
much from Thetetetus, he, moreover, subjected to rigorous 
proofs what had been negligently demonstrated by his 
predecessors/' ^ What one man, so far as we know, did 
for the Grecian science, a number of great thinkers in 


^ Thus, for instance, the recent 
investigations and theories of the 
“manifold,” as they have been 
set forth by Prof. Georg Cantor 
of Halle, constitute, as it were, 
a new chapter in mathematical 
science, whereas they were for- 
merly a subject merely of philoso- 
phical interest. Bee a remark to 
this effect by B. Kerry at the end 
of his very interesting article on 


Oantor’s doctrine in the 9th 
vol. of Avenarihs^s ‘ Zeitschrift 
fur wissenschaftUche Philosophie ” 
(1885), p. 231, where he refers to 
Kant’s comparison of ])hilo&ophy 
to a Hecuba “ tot generis natisque 
potent.. ” 

Quoted by Cantor, vol. i. p. 
247. See also Hankel, loo, oiL^ 
p. 381 s^iq. 
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oiu* century, among whom I only mention Gauss, Cauchy 
and Weiers trass, attempted to do for the new science 
which was created during the two preceding centuries. 
As Prof. Klein says, “We are living in a critical peiiod. 
similar to that of Euclid.’* ^ 


^ See ‘ The Evanston Colloquium, 
Lectures on Mathematics delivered 
in August and September 1893,’ ))y 
Felix Klein, notably Lecture vi. 
In till's lecture Pi of. Klein explains 
his view (to which he had given 
utterance in his address before the 
Oongi ess of M athematics at Chicago : 
‘Papeis pul)libUed by tbo American 
Matliematical Society,’ vol. i. p. 
13J. New York, ]89t)} on the 
relation of pure mathematics to 
applied science. This view ih based 
upon the distinction between what 
he calls the “ naive and the refined 
intuition.'’ . . . “ It is the latter 
that we find in Euclid ; ho carefully 
develops his system on the basis of 
well - formulated axionm, is fully 
conscious of the necessity of exact 
pi oof^, clearly distinguishes be- 
tween the commensurable and the 
incommensurable, and so forth. . . . 
The naive intuition, on the other 
hand, was especially active during 
the period of the genesis of the 
ditterential and integral calculus. 
Thus we sec that Newton assumes 
without hesitation the existence, in 
every case, of a velocity in a mov- 
ing ])umt, without troubling him- 
self with the inquiry whether 
there might not be continuous 
functions havii)^ no cleriv«i»tive.'’ 

In the opinion of J’rof, Klein 
“the root of the matter lies in the 
f.ict that the naive intuition is not 
exact, while the refined intuition is 
not properly intuition at all, but 
arises through the logical develop- 
ment from axioms considered as 
perfectly exact.’* 

In the sequel Prof. Klein shows 
that the naive intuition imports 


into the elementary cunceptiuo!' 
elements w Inch are left out in the 
purely logical dev^elopment, and that 
tins again loads to conclusion^ which 
are not capable of being veiified )*y 
intuition, no mental image being 
jiotesible. Thus, for instance, tlie 
abstract geometry of Lobatclievsky 
and llieiuami letl Beltrami to the 
logical conception of the pseudo- 
sphere of which we cannot form 
any mental image. kSnmlar views 
to those f)f Prof. Klein lirive been 
latterly expiessed by H. Poincan'* 
in his KUggeHtive volume ‘La 
Science et PHypothose ’ 

1893). He there says (p. 90) : 

, L’expericuce joue un role 
indispensablo duns la genese do la 
geometrie ; rnais ce serai t une 
erreur d’en conclurc que la giai- 

metrio est une science experi- 

mentale, mome en partie. ... La 
geometric ne sei'ait <iuc retudo dos 
mouvementM des solides ; mais elh* 
ne s’occupe pas on realitc des soUdes 
uaturels, elle a pour objot certain.- 
aolidcH iddaux, absolument invari- 
ablcs, i^ui u’en sunt (lu’uue imago 
siniplifice et bien lointaine. . . . Ce 
qui est I’objet de la geometrie e’est 
rdtude d’un ‘ groupo ' particuHer ; 
mai.s le concept general do grouiie 
pveexihte dans notre esprit au 
moins en puissance. . , . Seule- 
luent, parmi tons los groupes 
possibles, il faut choisir celui (j[ui 
sera pour aiitwi dire Pctalon au{juel 
nous rapporterona ies phdnom^nes 
naturels.” This distinction be- 
tween the mathematics of intuition 
and the mathematics of logic has 
also been forced upon ns from quite 
a diiferont quarter. The complica- 
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7. 

Gauss. 


8 « 

Cauchy. 


It is right to place the name of GausiS at the head, for 
his investigations regarding several fundamental and 
critical questions in arithmetic and geometry date from 
the last years of the eighteenth century, long before 
Cauchy’s influence made itself felt. This is now abund- 
antly clear through the publication of Gauss’s works, and 
from much of his correspondence with personal friends, 
notably with the astronomer Bessel. We can now 
understand how those who knew him regarded him as 
a kind of mathematical oracle to whom " nothing in 
theory existed that he had not looked at from all sides,” ^ 
and who anticipated in his own mind the development 
whicli mathematical thought was to take for a long 
time after him. And yet it was not to him primarily 
that the great change was due which came over mathe- 
matical reasoning during the first half of the century. 
Gauss was not a great teacher. In fact, there existed 
in the first quarter of the period only one great training 
school in advanced mathematics, and that was Paris. 
There it was tliat Augustin Cauchy — first as lecturer, 


tion of modern mathematics and 
the refinement of the modern 
theories have brought about the 
desire “ to create an abridged 
system of mathematics adapted to 
the needs of the applied sciences, 
without passing through the whole 
realm of abstract mathematics ” 
(Klein, loc cit,^ p, 48). In this 
country Prof. Perry has made a 
beginning by publishing his well- 
known work, * Calculus for En- 
gineers,’ which has been welcomed 
by Prof. Klein in Germany, and 
which has led to an extensive 
correspondence in the pages of 
‘ Nature ’ ; it being recognised by 
many that a quicker road must be 


made from the elements to the 
higher applications of mathematics 
in the natural sciences than the 
present school system, beginning 
with Euclid, admits of. The 
separation of the logical and prac- 
tical treatment of any science, as 
likewise the indefsendent develop- 
ment in Germany of the poly- 
technic school alongside of the uni- 
versity, has, however, its dangers, 
as is recognised by Prof. Klein 
(‘ Chicago Mathematical Papers,’ j). 
136). 

^ iSee Bessel’s letter to Gauss, 
27th December 1810* in ‘Brief- 
weehsel zrwischen G. and B., Leipzig, 
1880, p. 132. 
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then as professor — exerted his great influence in the 
famous &ole Polytechnique, in the Sorbonne, in the 
College de Prance.^ In contrast with Gauss — who was 
self-contained, proud, and unapproachable, whose finished 
and perfect mathematical tracts were, even to those who 
worshipped him, an abomination,^ owing to their unin- 
telligible and novel enunciation, who hated lecturing 
— Cauchy possessed the enthusiasm and patience of 
the teacher,^ spent hours with his pupils, and pub- 
lished his lectures on the foundations of the Calculus 
for the benefit of the rising mathematical generation. 
Thus he has the merit of having created a new scliool 
of mathematical thought — not only in Prance but also 
abroad, where the greatest intellects, such as that of 
Abel,*^ expressed themselves indebted to liim for hav- 
ing pointed out tlie only right road of progress. It 
will be useful to define somewhat more closely wherein 
this new school differed from that preceding it, whicli 
culminated in the great names of Euler, Lagrange, and 
Laplace. 

Tlie great development of modern as compared with 
ancient mathematics may be stated as consisting in the iii- 


’ Sec Valson, ‘La Vie et le« 
IVavaux du Baron Cauchy,’ Paris, 
1S6S, vol, i. p. 60 sqq, 

“ “Ou disait que sa mani^re 
d’ exposer (itait mauvaise, ou encoic 
qu’il faisait com me le reward, qui 
etface aveu sa queue les traces de sc» 
jjas sur le sable. Orelle dit, scion 
Abel, que tout ce qu’<Scrit Gauss 
n’eat qu’abomination (Grauel), car 
c’cHt SI obscur qu’il est presqu© 
impo->feible d’y rien comprendre” 
(Jjjorlcnes, ‘ Niels Henrik Abel,’ 
Trad. franc;aise, Paris, 1885, p, 92). 

“ C’est quo Cauchy alliait au 


fCthiie des Euler, des Lagrange, dca 
Laplace, des Gauss, des Jacobi, 
Tamour de I’enseignoment poib* 
juftqu'';i rentliousiaame, une rare 
bontd, uno Hiiu}>Hcite, une chaleur 
de cfcur qu’il a conservdes justju’a 
la fin de sa vie” (Combes, quoted 
by Valson, vol. i. p. 68), 

iSee Bjerknes, ‘N.-H. Abel,’ p. 
48 sqq. ; p. 800. Cauchy’s ‘ Cours 
d’ Analyse’ appeared in 1S2X ; the 
‘Kdsunn!* des lei^ons sur le calcul 
infiuitdsimal,’ to which Abel refers 
in a letter to Holmboe, dated 1826, 
appeared in 1823. 
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9 . 

Process of 
generalisa- 
tion. 


troduction of algebra or general arithmetic, in the applica- 
tion of this to geometry and dynamics, and in the invention 
of the infinitesimal methods, through which the rigorous 
theorems of the older geometricians which referred to the 
simpler figures — such as straight lines, circles, spheres, 
cones, &e. — became applicable to the infinite variety of 
curves and surfaces in which the objects and phenomena 
of nature present themselves to our observation. Logic- 
ally speaking, it was a grand process of generalisation, 
based mostly on inference and induction, sometimes 
merely on intuition.^ Such a process of generalisation 
has a twofold effect on the progress of science. 

The first and more prominent result was the greatly 
increased power of dealing with special problems winch 
the generalised method affords, and the largely increased 
field of research which it opened out. We may say that 
the century which followed the inventions of Descartes, 
Newton, and Leibniz, w’as mainly occupied in exploring 
the new field which had been disclosed, in formulating 
and solving the numberless problems which presented 
themselves on all sides ; also, where complete and 
rigorous solutions seemed unattainable, in inventing 
methods of approximation which were useful for prac- 
tical purposes. In this direction so much had to be done, 
so much work lay ready to hand, that the^ second and 
apparently less practical eiTect of the new generalisations 
receded for a time into the background. We may term 

^ “ On se reportaifc mconsciein- claire et rigoureuse, mais par une 
ment au module qui nous ost i sorte d’intuifcion et d’obscur iu- 
fourni par les fonctious consid^r^es | stincfc ” (Poincare, “ L’ucuvi e math, 
en mecanique et on rejetait tout i de ^Veierstrass,” ‘ Acta Matheina- 
ce <iui s’^cartaife de ce module ; on , tica,’ vol. xxii. p. 4). 
n'etait pas guidd par une definition 
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this second and more hidden line of research the logical 
side of the new development. It corresponds to the work 
which Euclid performed in ancient geometry, the framing 
of clear definitions and of unainbiguous axioms; pro- 
ceeding from these by rigorous reasoning to the theorems 
of the new science.^ But the translation of geometiical 
and mechanical conceptions into those of generalised 
arithmetic or algebra brought with it a logical problem 
of quite a novel kind which has given to modern mathe- 
matics quite a new aspect. This new problem is the rc- 
truiislation of algebraical — i.e., of general — formuhe into 
geometrical conceptions — the geometrical construction of 
algebraical expressions. It is the inverse operation of lo. 

“ . . „ . In\orse 

the former. In this invei’sion of any given operation oiiaatmuH. 
lies the soul and principle of all mathematical progress, 
both in theory and in ap])licatiou.“ The invention of 


^ lleferring specially to tho 
definition ot a function ” or 
mathematical dependence, a con- 
ception introduced hy Euler, but 
nut rigorously defined by him, 
M. Ironical 6 says, loo, cit, : “ Au 
commencement clu .siocle, Pidce 
de fonetion etait une notion h 
la fois trop rentreinte et trop 
vague. , . , Cette lUTinition, il 
fallaifc la donner : car Vanalyse no 
})uuv<iit qu’ii ce prix aoijuerir la 
parfuite rigueur. ” J n i tw generality 
this task was ^lerformed in the 
last third of the century by 
Weierstrates, but the necessity of 
this criticiHin of the formulas in- 
vented by modern mathematics 
dates from tiie appearance of 
(/Stuchy!s ‘ Momoire sur la theorie 
dcH intdgrales dtUinies’ of 1814, 
which Legendre reported on in this 
sense, but which was not published 
till 1825. 


The operations referred to ai'C 
generally of two kinds : first, there 
is tlie operation of translating 
geonietrirnl relations, intuitively 
given, into algebraical relations ; 
and, .secondly, the o}>eration of 
extending algebraical relations by 
gidng forward or backward in the 
order of mmihcrs, usually given 
by iiulicc.s. In each case* tho 
new relations arrived at require 
tf» be interpreted, and thin inter- 
pretation leads nearly always to 
an extension of knowledge or to 
novel conceptions. A simple ex- 
ample of the first kind presents 
itself in the goometneal construc- 
tion of the higher powers of 
quantity. J laving agreed to define 
by a the length of a line, by 
an aim, what is the meaning of 
a'* Gan any geomet- 

rical meaning he attached to these 
symbols y An example of the 
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the seventeenth century afforded two grand occasions 
for such progress, and the creation through it of novel 
mathematical ideas. The translation of geometrical con- 


second class ia the following . 
having defined the symbols 
d:hj ^ 

dx dod^ * ’ * dx'^^ 
an operation suggests itself in the 
inverse order, the indices or their 
reciprocals (inversions) being taken 
negatively. Can any meaning be 
attached to these latter symbols ? 
Further, if the operation denoted 
by going on from one of these 
symbols to the next is known and 
feasible, how can the inverse oper- 
ation be carried out ^ In the first 
class of problems we proceed from 
an intuitively given order to a 
purely logical order, and have in 
the sequel to go back from the 
})urely logical older to an intuitive 
order of ideas. In the second 
case, having followed a certain 
logical order, we desire to know 
what the inversion of this order will 
produce and how it can be carried 
out. The view that the direct and 
indirect processes of thought form 
the basis of all mathematical 
reasoning, and an alternation of 
the two the principle of progress, 
has been for the first time con- 
sistently expounded by Hermann 
Hankel in his ‘Theorie der Com- 
plexen Zahlen - Systeme/ Leipzig, 
1867. But it had already been 
insisted on by George Peacock in 
his “Report,^’ &;c., contained in 
the 3rd vol. of the ‘ Reports of 
the Brit. Assoc.,’ 1833, where he 
says (p. 223); “There are two 
distinct processes in Algebra, the 
direct and the inverse, presenting 
generally very different degrees of 
dilffculty. In the first case, we 
proceed from defined operations, 
and by various processes of de- 
monstrative I'easoning we arrive 
at results which are general in 


form though particular in value, 
and which are subsequently gen- 
eralised in value likewise ; in the 
second, we commence from the 
general result, and we are either 
required to discover from its form 
and composition some equivalent 
result, or, if defined operations 
have produced it, to discover the 
primitive quantity from which those 
operations have commenced. Of 
all these processes we have already 
given examples, and nearly the 
whole business of analysis will 
consist in their discussion and 
development, under the infinitely 
varied forms in which they will 
present themselves.” 

It is extraordinary how little in- 
fluence this very interesting, com- 
prehensive, and up - to - date re- 
port on Continental mathematics, 
including the works of Gauss, 
Cauchy, and Abel, seems to have 
had on the development of English 
mathematics. But the latter have 
through an independent movement 
— viz., the invention of the 
Calculus of Operations — led on 
to the radical change wdneh has 
taken place in recent mathematical 
thought. This change, which can 
be explained by saying that the 
science of Magnitude must be 
preceded by the doctrine of Forms 
or Relations, and that the science 
of Magnitude is •only a special 
application of the science of Forms, 
"was independently prepared by 
Hermann Grassman, of whom 
Hankel says {loc. ciU, p. 16) ; “ The 
idea of a doctrine of Forms which 
should precede a doctrine of Mag- 
nitude, and of considering the 
latter from the point of view 
of the former, . . , remained of 
little value for the development 
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eeptions into algebraical language suggested the inverse 
operation of interpreting algebraical terms by geometrical 
conceptions, and led to an enormous extension of geo- 
metrical knowledge.^ Further, the infinitesimal methods 
through which curves and curved surfaces were conceived 
as being made up of an infinite number of infinitesimally 
small, straight — i.e,, measurable — lines, led to the in- 
verse problem; given any algebraical operations which 
obtain only in infinitesimally small dimensions — i,c., at 
the limit — how do they sum up to finite quantities and 


of mathematics, so long as it 
was only used to prove theorems 
which besides being already known, 
weie sufficiently though merely 
empirically proved. It was H. 
Grusbiiiann who took up this idea 
for the first tune m a truly 
philosophical spirit and treated 
it fnjia a comprehensive point 
of view.” Hankel also refers 
to Pe.icock as %vell as to De 
Morgan, whose writings, however, 
he was insufhciently acquainted 
with (ibid., p. 15). In quite 
recent times Mr A. N. Whitehead 
has conceived “ mathematics in 
tlie w’idest signification to he the 
development of all types of formal, 
necessary, deductive reasoning,*’ 
and has given a first instalment 
of fchih development in his ‘ Treatise 
on Universal Algebra ’ (vol. i., 
Oamljritlge, 1S9S)* See the preface 
to this work {py. 6, 7). 

^ A good exaji^iple of the use of 
the altei'iiatiiig employment of the 
intuitive (inductive) and the log- 
ical (deductive) methods is to be 
found in the modern doctrine of 
curves. The mveution of Descartes, 
by which a curve was rei>rosente<l 
by an e(iuation, led to the intro- 
<3 action of the conception of the 
“degree” or ‘‘order” of a curve 
and its geometrical eiiuivaleut ; 

VOL. IL 


wheieas the geometrical concep- 
tion of the tangent to a curve led 
to the distinction of cuives ac- 
cording to their “clabh,” which 
was not immediately evident from 
the equation of the curve but 
which led to other analytical 
methods of reprefeentation where 
the tangential properties of curves 
became more evident. A third 
method of studying curves was 
introduced by Plucker (1882), who 
started from “the Biugularitieb ” 
which curves present, defined 
them, and established his well- 
known equations. A further study 
of these “singularities” led to the 
notion of the “genus” or “de- 
ficiency ” (Cayley) of a curve. The 
gradual development of these and 
further ideas relating to curves is 
concisely given in an article by 
Cayley on “ Curve ” in the 6th vol. 
of the ‘ Encyclopfcdia Britannica,’ 
reprinted in Cayley’s collected 
papers, vol. xi. ^J’his article fur- 
nishes also a good example of the 
historical treatment cif a purely 
mathematical subject by showing, 
not so much the progresH of mathe- 
matical knowledge of special thing^, 
as the development of the manner 
ill which such things are looked at 
— f.e.j of mathematical thought 

2 s 
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figures ? What are the properties of these finite figures 
as inferred from the, properties of their infinitesimally 
small parts ? The infinitesimal methods evidently corre- 
sponded with the atomistic view of natural objects, 
according to which the great variety of observable 
phenomena, the endlessly complicated properties of 
natural objects, could be reduced to a small num])er 
of conceivable properties and relations of their smallest 
parts, and could then be made intelligible and calculable. 

The general reader who is unacquainted with the 
numberless problems and intricate operations of higher 
mathematics can scarcely realise how in these few words 
lie really hidden the great questions of all the modern 
sciences of number and measurement ; the trained mathe- 
matical student will recognise in a process of inversion 
not only the rationale of such extensive doctrines as the 
integral calculus, the calculus of variations, the doctrine 
of series, the methods of ai)proxiiuation and interpolation, 
]jut also the application of analysis to geometry, the 
theory of curves of higher order, the solution of equations, 
&c. All these various Ijraiiches were diligently culti^’ated 
by the great mathematicians of the eighteenth century, 
mostly, however, with the object of solving definite 
problems wbieh were suggested by the applied sciences, ^ 


^ In general it can be stated that 
the impetus given to mathematical 
research by the problems set by 
the applied sciences has been im- 
measurably greater than that which 
can be traced to the abstract treat- 
ment of any purely mathematical 
subject. We have a good example 
of this' at the beginning of the 
nineteenth century in the great 
work of Laplace m summed up, 


for the must par4, in the *Mo- 
canitjue Celeste ’ and the * Thdorie 
des Ih’obaVhlites,’ which coutnin 
the boginniugs and the develop- 
ment of a great number of purely 
mathematical theoi’ics suggested 
by problems in astronomy, physics, 
and Htatistics. On the other aide 
we have at the same time the so- 
called Combinational School ” in 
Germany, whose members and 
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notably astronomy — not infrequently also as objects of 
mere curiosity without any practical purpose whatever. 
In the latter part of the eighteenth century the need 
was felt of putting the new science into a compre- 
hensive system. The attempts to do this — notably the 
great text-books of Leonhard Euler in Germany and of 
Lacroix in Trance — revealed how uncertain were the 
foundations and how paradoxical some of the apparent 
conclusions of the reasoning which, in the hands of the 
great inventors and masters, had led to sucli remarkable 
results. 

As in other cases which wo dealt with in former 
chapters of this work, so also in the present instance we 
may find a guide through the labyrinth of modern mailie- 
matical thought in the terms of language axuund which 
cluster the more recent doctrines. Two terms present 
themselves which were rare or altogetlicr absent in older 
treatises : these terms are the ‘‘ complex quantity and 
the continuous.'' To these we can add a third term 
which we meet with on every page of the writings of 
niatliematicians since hTewton and Leibni^j, but wliich has 
only very recently been subjected to careful analysis and 
rigorous definition, — the term '' infinite/’ Accordingly we 
may say that the range of mathematical thought during 


their labours ar<^ almost forgotten, 
although in their elaborate treat- 
ises there are to be found many 
formulae which had to be redis- 
covered when, fifty years iatei*, 
the general theory of forms aud I 
substitutions began to be sys- i 
tojnatically developed, and proved | 
to bo an indispensable instrument ' 
in dealing with many advanced 
mathematical problems. See on 


the^ latter subject an article by 
Major MacMiihoii on “ Coinbin- 
ational Analysis'’ (^I'roc., London 
Math. Boc.,' vol. xxviii. p. f), &o,), 
as also the chapters on this subject 
and on ‘UXefcermmants ” in the 
first vol. of the ^ Enoyclopudie der 
Mathomatischen Wissenschaften ' 
(Leipsaig, 18^)8), Also, inter ediai ^ 
note by J. Muir hi * Nature,’ vol. 
Ixvii., 1903, p. 512. 


n. 

Modern 
terms in- 
choative of 
modern 
thought. 
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the last hundred years has grown in proportion to the 
methodical study and stricter definition of the notions of 
the complex quantity, of the continuous, and of the infinite. 
And these conceptions indicate three important logical 
developments which characterise modern mathematical 
Oompfex ^^^s^ning. The conception of the complex quantity or 
quantities, the complex unit introduces us to the possible extension 
of our system of counting and measuring, retaining or 
modifying, the fundamental rules on which it is based. 
Theeoi Conception of the continuous and its opposite, the 

tmuous. discontinuous, introduces us to the difference of numbers 
and quantity, numbers forming a discontinuous series, 
whilst we conceive all natural changes to be made up of 
gradual — ie., of imperceptibly small — changes, called by 
Newton fluxions. The discussion, therefore, of the con- 
tinuous leads us ultimately to the question how our 
system of counting can be made useful for dealing with 
continuously variable quantities — the processes of nature. 

14 . The conception of the infinite underlies not only the 
infinitesimal methods properly so called, but also all the 
methods of approximation by which — in the absence of 
rigorous methods — mathematical, notably astronomical, 
calculations are carried out. 

Problems involving one or more of these concep- 
tions presented themselves in large number to the 
analysts of the eighteenth century : there were notably 
two great doctrines in which they continually occur — 
the general solution of equations,^ and the theory of 


^ As it may not be immediately 
evident how the ideas of continuity 
have to do with the general solution 
of equations, I refer to the first 


publication by Gauss, in 1799, con- 
taining a proof of the fundamental 
theorem of algebra, and its republi- 
cation fifty years later (see Gauss, 
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infinite series. The solution of an equation being called 
finding its roots, it was for a long time assumed tliat 
every equation lias as may roots as are indicated by 
its degree. A proof of this fundamental theorem of 
algebra was repeatedly attempted, but was only com* 
pleted by Gauss in three remarkable memoirs, which 
prove to us how much importance he attached to rigorous 
proofs and to solid gi'oundwork of science. The second 
gieat doctrine in wliich the conceptions of the continuous 
and the infinite piesented themselves was the expansion 
of mathematical expressions into series. In aritlmietic, rr 

iWjcOino 

decimal fractions ^ taken to any number of terms w(3r(m^/ 
quite familiar; the infinite series prcscnbjd itself as a 
generalisation of this device. A very general formula 


‘ Werke,’ val. iii pp. 1 aiul 71). A . fraction. Pruniincut in Uio rc* 
vf'ry good summary of tins proof commendation of the u.se of dooi* 
ih given by Haiikel Complexo mal fractions wiin the cclcbruUol 

Zahlen-Systenie,’ j), 87). A purely Himon Stevm, who, in a tract 

algebraical demonsti'ation (if the entitJed ‘La nisme’ attimhed to 

same theorem, not involving con- hin ‘ Arithnicthjuc ’ (loOO, trans- 

si(.leiiitions ot continuity and ap- luted into Kngliwh, IbOb), d«-scrihtid 

pvoxim.itions, w.is also given by the decuiml wystcu} as “ cni-oignaut 
Gauss m the year 1816, and re- facileineut/ expodier juir nombres 
produced by (ithers, including cntlci's sans rom])!!.^^ tons comptCH 

Oeorgo Peacock, in luB 'Keport/ so rciu;ontran« aux ailkirea dcH 

quoted above, p. 297. Hankel hoiuincN.*’ Prof. (Jantor 

{lod, cit i p. 97) .‘<howa to what der Math.,’ vol. ii. p. 63 6) sayK, 

-extent Gauss’s proof supplemented “ We know to-duy that this pro- 

the similar ]>roof.s, given by others diction (iouhl really be ventured 

before and after, on — that indectl dccinml Lwiions 

‘ Decimal fractions seoni to have perform what Stevin pj*rimiscti” 

been introduc(tl in the sixteeiith At the einl of bis trucit he doubts 

century. Series of other numberH, the speedy adoptirju of thin device, 

formed not according to tlie decimal conneijting with it the suggestion 

but to the dyadic, duodecimal, or of the universal adoption of the 

other Kystems, were known to the decimal system. ’I’he best account 

amuejits, and continued in use to of the gradual introduction of deei- 

the inidrUc ages. The dyadic sys- mal fmctitwis iw still to be found in 

tern was much favoured by LcibniK* George Peacock’s ’ History of Arith- 

It was also known that every inetic* (‘ Ency, Meirop, v<d, i. p. 

rational fraction could be <lo- 43U, &c.) 

veloped into a periodical decimal 
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of this kind was given by Brook Taylor, and somewhat 
modified by Maclaurin. It embraced all then known and 
many new series, and was employed without hesitation 
by Euler and other great analysts. In the beginning of 
the century, Poisson, Gauss, and Abel drew attention to 
the necessity of investigating systematically what is 
termed the convergency^ of a series. As a specimen 
of this kind of research, Gauss published, in 1812, an 
investigation of a sei-ies of very great generality and 
importance.^ We can say that through these two isolated 
memoirs of Gauss, the first of the three on equations, 
published in 1799, and the memoir on the senes of 
1812, a new and more rigorous treatment of the in- 
finite and the continuous as mathematical conceptions 
was introduced into analysis, and that in both he showed 
the necessity of extending the system of numbering and 
measuring by the conception of the complex quantity. 
But it cannot be maintained that Gauss succeeded in 
impressing the new line of thought upon the science of 


^ A very good account of the 
gradual evolution of the idea of 
the convergency of a series will be 
found in Dr E. Reiffs ‘ GescMchte 
der uuendlichen Iteihen ’ (Tubin- 
gen, 1899, p. 118, kc,) Also in 
the preface to Joboph Bertrand’s 
* TraittS de Calcul Differentiel ’ 
(Baris, 1864, p. xxix, &c.) Accord- 
ing to the latter Leibniz seems to 
have been the first to demand 
definite rules for the convergency 
of Infinite Series, for he wrote to 
Hermann 'in 1705 as follows : 

ne demande pas que Ton 
trouve la valeur d’un© serie quel- 
eonque sous forme finie ; un tel 
probRme surpasserait les forces 
des g^omfetres. Je voudrais seule- 
ment que Ton trouvdt moyen cle 


decider si la valeur esprimee par 
une sdrie est possible, c’est-h-dire 
couvergente, et cela sans connaitre 
1 ’engine de la sdrie. II est neces- 
saire, pour qu’une serie ind4finie 
represente une quantity fime, que 
Ton puisse demontrer sa converg- 
ence, et que I’on s^assure qu’en la 
prolongeant suffisamment I’erreur 
devient aussi petitC que Ton veut.” 
In spite of this, Leibniz, through 
his treatment of the series of 
Grandi, 1 - 1 1 - 1, &c., the sura 

of which he declared to be seems 
to have exerted a baneful influence 
on his successoi’s, including Eulei' 
(see Eeiff‘, loo, pp. 118, 15S). 

® The memoir on the Hypergeo- 
metrical series. 
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mathematics in general. This was done about fifteen or 
twenty years after Gauss had begun to publish his 
isolated memoirs, in a comprehensive treatment of the 
subject by Cauchy, who, before 1820, delivered lectures 
on Analysis at the lilcole Polytechnique and in other 
colleges, and commenced their publication in 1821. In Anai>Mh. 
this course of lectures the discussion of the notions of the 
infinite, of the continuous, of the convergence of series, 
and of the extension of our conception of quantity 
beyond the ordinary or real quantities of algebra, is 
put in the foreground, and the illicit habit of using the 
generalisations of algebra witliout defining the f*ondilions 
of their validity severely criticised.^ It is also evident, 
from the extensive notes which Oaucliy added to the 
“coins of 1821, that ho felt the necessity of a revision 
of the fundamental notions of algebra. Hie publb'-atioii 
of 1821 was followed by others on the Calculus, and it 
is tlirough these treatises mainly that a new spirit was 
infused into general mathematical litonature, first in 


^ The earlieiit labours of Caucliy 
were yeometneal, and he evidently 
aerjuired through them an insight 
into the contrast between the 
rigour of the oiler geoiuetrieal 
and the lousoncss of the Tnoderu 
algehraical methods. In tlun re- 
gard he : ‘Ll'ai cherchd h lour 
donner toute^ la rigueur tiu’on 
cxige on geometric, de manihre ii 
ne jamais recourir aux raisons 
tirt^es de la geJueraUtd de Valghbre. 
Les raicsouto de eetto espheo, quoit_iue 
asscz coumiimement adnuHes, sur* 
t«mt dans 1@ passage des serioH con- 
vergentes aux scries divergentes, 
et dc^ quantites rdelles aux ex- 
jirossions imaginaires ne peuvent 
otre considered, ee me faomblo, quo 


eoinnic cies inductiunH projjres i» 
faire presbeutir (pie](puj fois la 
veritd, mais qiii s'acc(n’<lent peu 
avee ^exactitude si vunU»e des 
HcienceH luatUthaatujueH. On doit 
! memo observer qu’cllos temlenl h 
j faire attribuer aux formules al* 

I gdlirifiues une etenduo indefinie, 

! tandis que, dans la nkditc, la }du* 
i part do ecs h^rmules Hulisistent 
I uui<iuemeut sous t'.ortamoM comli- 
I tions, e,t pour certaines valeurs des 
I ijuantiU'S ({u'eHes reiiferment. En 
ddtormiiuwit cos conditions et ces 
valours, et en fixant d’uue maniere 
precise le sens des notations dont 
|e me sera, je fais disparaitre toute 
incertitude {* Cours d’ Analyse,* 
I 1821, Introd., p* ii). 
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Trance, somewhat later also in England and Germany. 
In the latter country, the highly original writings of 
Abel, and the independent labours of Jacobi, opened out 
an entirely new branch of higher mathematics, beginning 
with the discovery of the property of double periodicity of 
certain functions^ This extensive and fruitful province of 
analysis for a time retarded the revision and extension of 
the groundwork of mathematical reasoning which Cauchy 
had begun, and upon which Gauss evidently desired to 
make the extension of higher mathematics proceed.^ 


^ Before the discovery of the 
functioDs with a double period, 
functions with one period were 
known : the circular and expon- 
ential functions — the former pos- 
sessing a leal, the latter an imagin- 
ary, period The elliptic functions 
turned out to ‘‘ share simultaneously 
the properties of the circular func- 
tions and exponential functions, and 
whilst the former were periodical 
only for real, the latter only for 
imaginary, values of the argument, 
the elliptic functions possessed both 
kinds* of periodicity.” This great 
step became clear when it occurred 
to Abel and Jacobi independently 
to form functions by inversion of 
Legendre’s elliptic integral of the 
first kind. The two fundamental 
principles involved in this new 
departure were thus the process of 
inversion and the use of the imagin- 
ary, as a necessary complement to 
the real, scale of numbers. The 
share which belongs independently 
to Abel and Jacobi has been clearly 
determined since the publication of 
the correspondence of Jacobi with 
Legendre during the years 1827-32 
(reprinted in Jacobi’s ‘Geaammelte 
■Werke,’ ed. Borchardt, voL i.^ 
Berlin, 1881), and of the complete 
documents referring to Abel, which 
are now accessible in the memorial 


volume published in 1902. A very 
lucid account is contained m a 
pamphlet by Prof Koiiigsbei’ger, 
entitled ‘Zur Geschichte der Theorie 
der Elliptischen Transceiideuten 
in den Jahren 1826-29 ’ (Leipzig, 
1879). 

Of the four great mathema- 
ticians who foi sixty years did the 
})rincipal work m connection w’ith 
elliptic functions — viz,, Legendre 
(1752- 1833), Gauss (1777-1855), 
Abel (1802-29), and Jacobi (1804- 
51), each occupied an independent 
position with regard to the subject, 
— suggested originally by Euler, and 
important for the practical applica- 
tions which it promised. Legendre 
during forty years, from 1786 on- 
ward, worked almost alone : he 
brought the theory of elliptic in- 
tegrals, wdiich had occurred origin- 
ally in connection with the compu- 
tation of an arc of the ellipse, into 
a system, and to appoint beyond 
which the then existing methods 
seemed to promise no further ad- 
vance. This advance was, however, 
secured by the labours of Jacobi 
through the introduction of the 
novel principles referred to in the 
la&t note. Two years before J acohi’s 
publication commenced, Abel had 
already approached the subject from 
an entirely different and much more 
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That such a revision had heconie iiecessaiy was seen, „ it 
slowly if in many quarters, hut it did not Ijecome geuer- 
ally recognised till late in the century, wlieu thinkeis of 

general point of view. ‘‘Abel,'’ as undei taking, for which his astron- 
Mousieui L. Sylow saj's Muuiorial oniical Uiboui''* left him no tune, 
des etudes d'Abel,’ p. 14), “etait debarred him from publishing the 
avant tout algebriste. 11 a dit lui- important lesulto which he bad 
mcme que la theoiie cles equations already attained, and which covered 
■etait son sujet favori,ce (iui d'aiUeui s , to a great extent the field cultivated 
apparaitdaireinent dans ses a'uvres. in the nieantmjo by Abel and 
IJans ses travaux feur les luiictions Jacobi, leaving only the celebrated 
elliptiques, le tiaitement des di- theoiem of the foimer (icferring to 
verses equations algcbriques dont the aigebiaical comparison of the 
eette thcorie abonde est mis forte- higher non - algebraical functions) 
ment en evidence, et dans le premier and the discovery of a new 
de ces travaux, la resolution de CCS : function on the pait of Jacobi 
equations est mem e indiquee coinme (his Tlieta function) as the tv\o 
ctanb le su]ct principal C^ui i K***^*'!' addition» w'bich w<» owe to 
est, la thcorie des equations ctait them in this line of research (see 
entre &e mams I’nistiument le plus Konignljerger, Jov, ch., p. 104). 
dfiicace. Ce fut aiiisi sans aucun In thus reer^gnition of the fuiula- 
doute la resolution de requatioii de menial change which mathematical 
division de.s f miction s elhpthiues qui science demanded, and its bearing 
tout d’abordloeonduisit ilia thcorie upon these H})ecial problems here 
de la transfoimation. Kile joue referred to, Ouuss must have for a 
encore un role cajutale daiife sa de- long time stood alone ; for his great 
monstration du thtWeme dit then- ri\iil Cauchy, to whom we arc 
r^me d’Abel, ot dans les recherehes mainly indebted for taking the first 
gcncrales sur les iutegrales dcs differ- steps in this direction, did not ff»r 
entiellcs alg<3bn(iueK qui sc trouvont many years apply his fundamental 
dans son dernier memoire le ‘Precis and novel ideas to the theory 
d’uno Thcorie dcs fonctions ellip- elliptic functions, which up to the 
ti(j[ues.’ But whibt Abel certainly year X 84 4, when Hcrmite entered 
took a much more general view the fusld, were almost exclusively 
than either Legendre or Jacobi, both cultivatcil by fJerman and Seandi- 
of whom came to a kind of dead- uaviau writern (aec li. L. Jillis, 
lock on the roads they had chosen “ Keport on the recent Progress of 
(Jacobi, when he attempted to ex- Analysis,” Brit. Assoc., 1846 ; re- 
teiul the theory of the periodicity printed in ‘Mathematical and other 
tjf functions), it is now quite clear Writings,* p. 811). Nor could it 
that Guuss viev^id the whole sub- otherwise be explained how Cauchy 
ject almost thirty years before Abel could keep the mauuscript of Abebs 
and Jacobi entered the field from a peat memoir without ever occupy- 
.still more general point of view, ing hiuibclf with it, and thus delay 
Already, in 17D8, when be was only its publicathm for fifteen years after 
twenty-one, be must have recognised it hud been presented to the Acad - 
the necessity of enlarging and <letin- einy. (Bee the above - mentioned 
ing the fumlainental conceptions of correfipondeuca between Legendre 
algebraaml of functionality or math* and Jacobi,, lH2fi; also Sylow, ji. 
ematical dependence ; and it is very 31,) 
likely that the magnitude of the 
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the highest rank, who for some time had lived apart 
ill the secluded regions of sublime analysis, descended 
again into the region of elementary science, both pure 
and applied, where they speedily remodelled the entire 
mode of teaching. England possessed very early a writer 
of great eminence who represented this tendency, and 
whose merits were only partially recognised in his day — 
Augustus de Morgan. 

IS. It will now be necessary to explain more definitely 

Extension of . «/ jt j 

SSbe? meant by the extension of our conception of 

number and quantity through the introduction of com- 
plex numbers or complex quantities. This extension 
first forced itself on analysts in the theory of equations, 
then in the algebraical treatment of trigonometrical 
quantities — in the measurement of angles, or, as 
it is now called, of direction in geometry. The first 
extension of the conception of number lay in the intro- 
duction of negative numbers. These admitted of com- 
paratively easy representation arithmetically by counting 
backward as well as forward from a given datum ; 
practically in the conception of negative possessions, 
such as debts, geometrically by the two opposite direc- 
tions of any line in space. In algebra, where the simple 
operations on quantities are usually preserved in the 
result and not lost in the simple numerical value of 
the result as in arithmetic, compound quantities were 
looked upon as generated by the processes of addition, 
resulting in the binomial (of which the polynomial was 
an easy extension), and further by the multiplication 
with each other of different binomials or polynomials, 
through which process expressions of higher order or 
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degree were arrived at. The foiward or direct process 
was easy enough, though even here assumptions or arbit- 
rary rules were included which escaped notice for a long 
time ; but tlie real labour of the analysts only began 
with the inverse problem — viz., given any compound 
quantity, similar in structure to those directly produced 
by multiplication of binomials, to find the factors or 
Inuoniials out of ^^hich it can bo coni])onuded. Now 
it was found that as in the aritlmietical process of 
division, tlie invciitiou of fractional (quantities; as in 
that of extraction of roots, the irrational (quantities 
had to be introduced : so in the analysis of (jompound 
algelu’aical expressions into binomial factors, a now 
quantity or algeliraic-al conception qiresonted itsedf, It 
was easily seen tliat this anulysis could be carried out 
in every case only )>y tbe introduction of a new unit, 
algebraically (JxquTsscd by the square root of the nega- 
tive unity. There was no diiliculty in algebraically 
indicating the now quantity as wo indicate fractions 
and irrational quantities; the diHiculty lay in its inter- 
pretation as a nnmlKU’. Biuce the time of iJosearles 
geonudricial n^presentations of algebraical formulaj had 
beemne the custom, and it was therefore natural when 
unct* the iujw, or so-cHlled imaginary, unit was formally 
admitted, tliat a geometrical meaning should be attached 
to it. 

<Jut of the scattered licginnings of these rosearches vx 
twcf deiiuite tiroblems gradually crystallised: the one, initSami 
a qmrely lormal or mechauical one — viz., the geo- 
metrical , represontation of thO' extoudecl conception of 
(quantity, of the complex quantity ; the other, a logical 
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or philosophical one — viz., the clearer definition of the 
assumptions or principles which underlie arithmetical 
and algebraical reasoning. And if algebraical, then also 
geometrical reasoning. Both problems seem to have 
presented themselves to the youthful mind of Gauss, 
as is evident from his correspondence with Bessel ^ and 
Schumacher, and from his direct influence on Bolyai, “ 
Mdbius, and Von Staudt, perhaps also indirectly on 
Lobatchevsky.^ It does not, however, appear as if he 


^ See especially the letters of 
Gauss to Bessel, dated November 
and December 1811 and May 1812 
( ‘ Briefwech&el, ’ Leipzig, 1880, p. 
151 sqq.) 

^ Bolyai, the elder (1775-1856), 
was a student friend of Gau&a in 
the years 1797 to 1799, and kept 
up a correspondence with him dur- 
ing half a century. This correspon- 
dence has now been published by 
F. Schmidt and P. Stackel, Leipzig, 
1899, with a supplement containing 
some information about this extra- 
ordinary man. His son, Johann 
Bolyai (1802-60), is the author of 
the celebrated “ Appendix, scien- 
tiam spatii absolute veram ex- 
hibens,” which was attached to 
his father’s ‘ Tentamen, juveu- 
tutem ... in elementa matheseos 
punc . . . iutroducendi,’ 1832. 
The tract seems to have been 
written in 1823. A translation, 
with introduction, has been pub- 
lished by Dr G. Bruce Halsted 
(‘Neomonic Series,’ vol, iii 4th ed., 
Austin, Texas, 1896). When the 
elder Bolyai sent to Gauss in the 
year 1831 to 1832 a copy of his 
son’s tract and of his own work on 
Geometry, Gauss expressed great 
surprise at the contents of the 
former. (See his letter of March 
6. 1832.) His remarks that the 
younger Bolyai had anticipated 
some of his own ideas on the 


subject, remind one of a similar 
remark which he made, May 30, 
1828, to Schumacher with refer- 
ence to AbeFte “ Memoir on Elliptic 
Functions” m vol. li. ot Cielle's 
‘ Journal ’ (see Gauss, ‘ Werke,’ vol. 
iii. p. 495). In both cases he felt 
hirnselt relieved from the necessity 
of publishing his own results, 
though, so far as those referring 
to the foundations of geometry are 
concerned, it does not appear that 
his ideas had arrived at that state 
of maturity which the publication 
of his posthumous papers has 
proved to have been attained in 
hi.s treatment of tlie higher func- 
tions. Indeed little or nothing of 
prime importance has been found 
among his papers referring to the 
principles of geometry ; and he 
stated to Bolyai that though he 
had intended to commit his views 
to paper, so that they should not 
be lost, he had not intended to 
publish anything during liis life- 
time. ♦ 

® It is doubtful whether Gauss’s 
speculations had any influence on 
the younger Bolyai’s theory, and 
still more so as regards Lobat- 
chevsky, whose first tract ap- 
peared in the * Kazan Messenger,’ 
1829 to 1830, but dates back 
probably to 1826. Inasmuch, 
however, as the younger Bolyai 
must have become acquainted 
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had arrived at any linality in his speculations, and 
beyond occasional hints which have only suhserpiently 
become intelligilile, the love of finish exhibited in all 
his published writings prevented him from giving to the 
world the suggestive ideas which evidently formed tht‘ 
UToundwork of his mathematical labours. There is ik> 

o 

doubt that — like Goethe in a very different sphere — 
Gauss anticipated individually the developments in the 
sphere of mathematical thought down to the end of the 
century. The interpretation of the complex cpiantity 
had been given by AVessel, Jluee, and Argand ' in the 
early years of the century ; but it remained unnoticed 
till it received the sanction of Gauss in a celebrated 
memoir referring to the tlieory of numbers, and until in 


thioui^'h his father with the Hpecu- 
labioiib of tho youthful OauHs, and 
as Lohalchcvsky was a pupil <»f 
another student friend of (lauss 
ill the person of Prof. Bartels, it is 
not unlikely that the interest which 
these thinkers took in the subject 
can be originally traced to tho 
same source. (See Dr Halsted’s ad- 
dress on Lohatchevsky, ‘ Neommuc 
Series,’ vol. 1 , lb04.) A complete 
bibliography of the earlier papers, 
referring to the so-called “mm- 
DuoUdean ” literature clown to 1878, 
is given by Dr ilalsted in the 
first two vols. of the * American 
Journal of Mathematics ’ : tho most 
recent publications are those of 
the Hon. B. A* W. Russell iu 
his work, *The Foundations of 
(kometry’ (1897) and his ex- 
cellent article on “ Non- Euclidean 
Geometry’* in the aSth vol. of the 
'Ency. BritJ See also Klein’s 
lithographed lectures on ‘Nicht- 
Euklidische Geometrie,’ Obttingen, 
1898. 

^ Tho first somewhat exhaust- 
ive historical htateinent as to the 


geometrical rejaescMitation of the 
complex or imaginary (juaiitity 
was given by Hankel in the above- 
mentioned work (see above, note, 
<515), p. 82. He there says, after 
disouxsnig the clairuH of otli(*rs,— 
notably of Gaush, ■— that Argand 
in his ‘Kssai' of the year 180G. 
(rc-cdited by Hohel, 1874) “had so 
fully ti’cated of the whole theory 
that later nothing RHsentially new 
was added, and that, except a 
ffublication of still earlier date 
were found, Argand must be con* 
sidcred the true founder of the 
reprcsentifctjfiU of ctjuiplex tpian- 
tilicH in the plane.” Huch an 
earlier imhlication has indeed been 
met witli in a tract by Caspar 
Wes.-icl, whiidi was prewented to 
the Danish Academy in 1797, and 
puhliHlied in 1799. Having been 
overl<K>ked, like Argand’s ‘ EsftaiJ 
it has now been republished at 
Copenhagen, 1897, with the title 
‘Essai Hur la reprdHontatiou de la 
direction ’ (see * Encyk, Math. 
WisHcnschaften/ voL i. p, 155). 
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this country the labours of De Morgan and of Sir William 
Eowan Hamilton gave the matter a further and very 
important extension.^ It was also in this country that 
the second problem, the critical examination of the 
principles which underlie the process of legitimate 
generalisation of algebra, received distinct attention. To 
George Peacock, and to the school of algebraists which 
followed him, is due the merit of having brought out 
clearly the three fundamental laws of symbolical reasoning 
now generally admitted in text -books on the subject — 
the associative, distributive, and commutative principles. 
That these principles were to a great extent conventional, 
or empirically adopted from ordinary arithmetic, and in 
consequence not necessarily indispensable for a consistent 
system of symbolical reasoning, has been generally ad- 
mitted ever since Sir William Eowan Hamilton, after 
ten years of labour, succeeded in establishing a new 
calculus — the method of quaternions, in which the com- 
mutative principle of multiplication is dropped. This 


^ Far more important than the 
su ingestions or artifices mentioned 
in the foregoing note, and which 
since the time of Argand and 
Gauss have been variously modifiied, 
is the conception that our com- 
mon numbers do not form a 
complete system without the ad- 
dition of the imaginary unit, but 
that with the introduction of a 
second unit “ numbers form a 
universe complete in itself, such 
that, starting in it, we are never 
led out of it. There may very well 
be, and perhaps are, numbers in a 
more general sense of the term; 
but in order to have to do with 
such numbers (if any) we must 
start with them'^ (Cayley in art. 
** Equation,” ‘Enoy. Brit,'; *Coll. 


Works,’ vol. xi. p. 503). There 
seems little doubt that this con- 
ception was first clearly established 
in the mind of Gauss, and that 
none of the contemporary writers 
can be shown to have had a 
similarly clear insight. Since this 
has become generally recognised — 
and we owe this recognition prob- 
ably to the inde;^endent labours 
of Grassmann and Biemann — 
the discussion of the whole sub- 
ject has been raised to a much 
higher level, as may be seen by 
comparing the Report of Peacock, 
quoted above, with the discussion 
of Hankel {loc, cit), and still more 
with the exhaustive article by Proh 

I E* Study in vol. i., ‘Euoyk. Math. 

' Wiss.,’ pp, 147-184. 
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calculus was shown to be of special use in expressing 
the relations of spherical trigonometry. Two terms ex- 
pressing definite notions special to geometry, by which 
science has been enriched and practical application greatly 
simplified, are an outcome of this line of research. These 
are the terms “ vector/' to express the notion of directed 
magnitude — i.c., of direction and magnitude combined as 
distinguished from magnitude and position alone; and 
the notion of an operator ” which changes direction and 
inagnitiule as an ordinary multiplier changes magnitude 


only.^ It was shown by . 

^ These two nt>tiouH, wiiieh have 
their origm in the writings of 
Hamilton on tlio one side and 
the (lale ulus of OjioiatiouH on the 
other, belong to this country and to 
a perhxl during which mathematical 
researches wcio rarried on in a 
fragmentary maimer, and much out 
of (lontuct witii the contemporary 
mathematicH oi the C<intinent. 
Both the (jalculus of Quaternions 
of Ihimilton and the Oalculun of 
Operations looked upon for a 
long time as curiositios (as was also 
the B>iiry con trie Oalculus of Mohius 
in Gern’umy). Gradually, however, 
the valualile ifh'as which were oon« 
taiinnl in them hocame recognised 
as mucli from the junuitical as from 
the th<‘oretieaI point of view. In 
the former interest the application 
of Vector Analysis or the Algohru 
of l)iri‘cfced Quanfaties received a 
great impetus wjien the need was 
felt of having an algelwi of 
“physical ({nantiucs/* Thin found 
e^’presNion in the writings of Clerk- 
Maxwell (See his * Treatise on 
El(*c tricity ami Magnetism/ vol. i. 
p. 2nd ed,, as also hiH paper on 

The Mathematical (/Massification of 
Physical (^uantithiH/’ ‘ Colh 

Papers/ v<d, ii. p. 257.) In the prac- 
tical application of electrical theoricfif 


Argand and otherB that the 

these notions have since become in- 
dispensable, and the subject has re- 
ceived increasing alteution, notably 
in America, which ln)ldH a foiemost 
place in the development of elec- 
trical science and its application. 
Mathematician.s of the first order, 
such as J. Willard Gibbs, have pub- 
lished text -books on tlie subject, 
whilst other electricians of emin- 
ence, such aw Mr Oliver Heaviside, 
have elaborated special forms of the 
Directional Calculus to serve their 
purjMJses. In Dynamics the Dublin 
Sidmol, represented after the death 
of Hamilton by Sir Hubert S. Ball 
(m his * Theory of Screws,' 1876‘), 
has had an important influence in 
the hdroductum of novel and mure 
appropriate methods which have 
givwlually permeated the general 
treatment of the subject. Whilst 
there is no doubt that for a long 
time the Calculus of (Quaternions 
was the only methodical elaboration 
of these novel and useful ideas, it 
was overlooked that simultaueously 
and <iuite independently H. Grass- 
maini of Stettin (see above, vol. i, 
p, 248) had worked out a much 
more comprehensive and funda- 
mental calculus, of which themethod 
of (quaternions and all the different 
forms of Vector Analysis can be 
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arithmetic based upon two units instead of one — 
the arithmetic of couples or complex quantities — could 
be completely and consistently represented by choosing as 
axes whereon the separate units were counted, the two 
perpendicular axes of Cartesian geometry. An attempt 
to extend this geometrical representation into space led 
Hamilton to the invention of his method, Gauss having 
very early satisfied himself that within the limits of 
ordinary algebra no further extension was necessary 
or possible. 

The examination into fundamental principles was iiot 
limited in the mind of Gauss to those of algebra • he 
early applied himself likewise to those of geometry and 
of dynamics. The great French mathematicians, such 
as Legendre and Lagrange, were also occupied with such 
speculations. They have been carried on all through 
the century, but have only towards the end of the 
period been brought into connection and shown to be 
of importance for the general progress of mathematics. 
The secluded, and for a long time unappreciated, labours 
of isolated but highly original thinkers have accordingly 


considered as merely special in- 
stances. This has now been abund- 
antly proved through the writings 
of mathematicians in all countries, 
among whom I will only mention 
Hankel and Dr V Schlegel in Ger- 
many, Clifford, Prof. Henrici, and 
latterly Mr Whitehead in England, 
Prof. Peauo in Italy, and M. Burali 
Forti in France. See on the whole 
subject, on the fate of Grassmann 
and of his great work, V. Schlegel, 
‘ Die Gra&smanu’sche Ausdehnungs- 
lehre,’ Leipzig, 1896 ; also, by the 
same author, a short biography 
of Grassmanu (Leipzig, Brockhaus, 
1878). A complete edition of 


Grassinann’s works is being pub- 
lished by Teubner. Those who are 
interested in seeing how the notions 
underlying the directional calculus 
are gradually becoming clarified, and 
thetermiuology and notation settled, 
may read with profi^ the controversy 
carried on in the pages of ‘ Nature,’ 
vuh xlvii. and xlviii., between Prof, 
Macfarlane, Willard Gibbs, Mr 0. 
Heaviside, Mr A. M'Aulay, and Dr 
Knott ; also Dr Larmor’s review 
of Hayward’s ‘Algebra of Coplanar 
Vectors’ (vol. xlvii. p. 266), and 
Sir 31. S. Ball’s reference to the 
‘Ausdehnungslehre ’ of Grassmann 
(vol. xlviii. p. 391, 1893). 
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received tardy recognition. Such speculations can be 
carried on either as fascinating exercises of mere 
ingenuity, or for practical purposes to improve the 
refined instruments of mathematical calculation, or in 
the philosophical interest of arriving at the fundamental 
processes of human thought and intuition.^ Many 
persons think that only the second of these three in- 


^ Already Euler had remarked on 
the diJferentmterests that prompted 
mathematical research. Keferring 
to the writings, of Count Fagnano, 
he saj’s in the introduction to 
the lii’ftt of his memoirs on Elliptic 
Integrals (1761, quoted by Brill & 
Nother in ‘ Bericht dei JJeutschen 
Mathematiker-Vereiniguug,’ voL lii. 
!>. 206) : “ If one looks at mathe- 
matical speculations fi'om the point 
of view of utility, they can be divided 
int(j two classes : tirst, those which 
are of advantage to ordinary life 
and other sciences, and the value 
of which is accordingly measured by 
the amount of that advantage. The 
other class comprises speculations 
which, without any direct advant- 
age, are nevertheless valuable be- 
cause they tend to enlarge the 
boundaries of analysis and to exer- 
cise the powers of the mind. Inas- 
much as many researches which 
promise to be of great use have to 
be given up owing to the inade- 
quacy of analysis, those speculations 
are of no little value which promise 
to ejitend the province of analysis. 
Such seems tc^ be the nature of 
observations which are usually made 
or found a posteriori, but which 
have little or no chance of being 
discovered a priori. Having once 
been established as correct, methods 
more easily present themselves 
which lead up to them, and there 
is no doubt that through the search 
for such methods the domain of 
analysis may be considerably ex- 

VOL. IX. 


tended.” The school of mathema- 
tician.s headed by Abel and Jacobi 
pursued mathematics from purely 
scientific interest, and was criti- 
cised on thi^ ground by eminent 
contemporary mathematicians m 
France : see a letter of Jacobi to 
Legendre, dated July 2, 1830. in 
which he refers to a Report of 
Poisson on liis great work, but 
adds: “ M. Poisson n’.iurait }»as 
du reproduire dans son rap})art 
une phrase peu adroite de feu M, 
Fourier oti ce dernier nous fait 
des reproches, h Abel et a moi, de 
ne pas nous etre occupes de pre- 
ference du mouvement de la chaleur, 
II est vrai <iue M. Fourier avait 
I’opinion que le but principal des 
mathematiques ctait l^utilitd pub- 
Ikiue et rexplication des pheno- 
mcnes naturels ; mais un philosophe 
comme lui aurait dh savuir que le 
but unique de la science, e’est 
riionneur de resprxt humain et ijue 
sous ce titre, une question de 
nombres vaut autant qu’une ques- 
tion du systbme du monde. ” In the 
sequel he adds : ‘Me crois entrevoir 
que toutes ces traiiscendantes ” (i.c,, 
the elliptic and Abelian functions) 
“jouissent des proprietes admir- 
ables et inattendues auxquclles on 
pent 6tre conduit par le thbor<5me 
d’Abel. . * . J’ai refi^Schi aussi <le 
temps eft temps sur une mdthode 
nouvcUe de trailer les perturbatiims 
cdlestes, mdthodo dans laquelle 
doivent entrer les tlukiries nou- 
velles des fonctions elliptiques.” 

2 T 
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ducenients is likely to prove fruitful for the progress of 
science ; they look upon the first as an amusing pastime, 
and upon the third as empty and not devoid of danger. 
In recognition of the partial correctness of this view, I 
will follow up the practical stimulus in its fruitful in- 
fluence upon the development of the lines of mathe- 
matical research. 

This stimulus came in the closing years of the pre- 
ceding century through the lectures of Gaspard Monge 
at the ficole N'ormale, and has become popularly known 
22 through his invention of Descriptive Geometry, the Hrst 

DesenptivG ® ^ ’ 

Oeoinetiy. modem systematic application of purely grapliical metlu ids 
in the solution of mathematical problems. As Cauchy 
was the founder of the modern school of analysts, so 
Monge, together with Carnot, founded the modern scliool 
of geometricians; Dupiii, Poncelet, and Chasles being 
among his most illustrious pupils. The aim of this 
school was to give to geometrical methods, such as 
had been practised by the ancients,^ the same generality 
and systematic unity which characterised the analytical 
methods introduced by Descartes. 

N'ot long after the introduction of tl}e latter, Leibniz 


^ These methorls had been 
largely used in this country by 
Newton, Robert Simeon, and 
Stewart. They were systematised 
by L. N M. Carnot. Chasles 
(‘‘Discours d ’inauguration, &c.,” 
18-16, ‘ Geomdfcrie Supdrieure,’ p. 
Ixxvii) says : “ Dans le sibcle 

dernier, R. Simeon et Stewart 
dounaient, h I’instar des Anciens, 
autant de demonstrations d’une 
proposition, quo la figure a la^uelle 
elle se rapportait prdsentait de 
formes diTOrentes, a raison des 
positions relatives de ses diverses 


parties. Carnot s^attacha u, prouver 
qu’une seule demonstration ap- 
pliqude h un dtat assez general 
de la figure devait suffire' pour 
tous les autres cast; et il montre 
comment, par des changements 
de signes de termes, dans les 
formules demon trdes par une 
figure, ces formules s’appliquaient 
i\ une autre figure ne ditFdrant de 
la premiere, commes nous ravons 
dit, que par les positions relatives 
de certaxnes parties. C’est ce qu’il 
appela le ‘Principe de correlation 
des figures.”’ 
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had foretold i the possibility and necessity of such an 
independent development of pure geometry, in which the 
relations of position in space, as opposed to those of 
measure, magnitude, or (piantity, would be placed in the 
foreground. Projection, as practised in the drawing of 
maps, and perspective, as practised in the line and 
descriptive arts, had already revealed a number of 
remarkable properties of figures in the plane and in 
space. By continuous motion of points or lines, by 
artifices like throwing of shadows, by sections of solids 
with lines and surfaces, a vast number of prolfiems had 
been solved and isolated theorems established. The 
method here practised was that of construction, as in 
analysis the method was that of calculation with sul)- 
secpient interpretation. All tliis purely ooiistructive 
work was to be brought together and systematically 
combined in a whole. It was evidently a distinct line 
of research, based upon intellectual processes other 
than the purely analytical method — a line which, 
as it seemed to its followers, had been unduly neglected 
and pushed into the background. Although Monge 
became the founder of this pui*ely descriptive or con- 
structive branch of geometry, he was himself equally 
great as an analyst; in fact, the fusion in his mind 
of the two .methods was the origin of much of his 
greatest work. In attempting to carry out more 
thorouglily the separation or iudeiiendent development 
of the constructive or descriptive method, his great pupil, 

J. V. Poncelet — whilst deprived of all literary resources ronc^et* 

^ Bee the quotations from his letters to Huygens and others given 
above, "vol. i. p, 103 note. 
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in the prisons of Eussia — meditated on the real cause of 
the power which algebraical analysis possessed, on the 
reason why geometry proper was deprived of it, and 
what might be done to give it a similar generality. In 
pursuing this line of thought he was led to discover the 
cause of the existing limitation of purely geometrical 
reasoning in its rigidity, inasmuch as it was arrested as 
soon as its objects ceased to have a positive or absolute, 
that is a physical, existence.^ Opposed to this limitation 
was the freedom of the analytical method, which, operating 
with indeterminate symbols, could, by letting them change 
gradually, include not only what was explicitly given, 
but also that which was merely implied ; not only the 
finite, but likewise the infinite ; not only the real, but 
likewise the fictitious or imaginary. In order to gain a 
similar generality in purely geometrical or descriptive 
science, a similar flexibility would have to be introduced. 
Eoncelet was thus led to the enunciation of his celebrated 
and much -criticised '‘principle or law of continuity/’^ 


^ See the “ Introduction” to the 
Ist volume of the * Trait<5 dcs Pro- 
pri(5tcs projectives (lea figures,’ pp. 
xi, xii. I (.|uote from the 2nd edi- 
tion of 1865. The 1st was published 
ill 1822. The researches date from 
1813, the year of Poucelet’s im- 
prisonment. See Preface de la 
premiere Edition.” 

^ Ibid., Introduction, p. xiv. 
On the principle of continuity 
in geometry, see an article in 
voL xxviii. “ Ency. Brit. ’ by the 
Rev. Charles Taylor, and the re- 
ferences given therein ; also Prof. 
E. Rotter’s Report on the 
“Development of Synthetic Ge- 
ometry in vol. V. of the 
* Jahresbericht der Deutschen 
Mathem^tiker Vereinigung,’ p. 


122, &c. : “ Originally the ex- 
positions referring to the prin- 
ciple of continuity were intended 
to occupy much greater space. . . . 
In consequence of correspondence 
with Terquem, Servois, and Brian- 
chon, Poiicelet desisted from the 
publication of it. . . . However 
cautiously Poncelet advanced his 
principle ” — in the'^‘Bssai sur les 
propridtes projectives des sections 
coniquea * (presented to the 
Academy m 1820) — “it never- 
theless aroused the doubts of 
Cauchy, who in liis report on 
l^oncelet’s paper warns against the 
too hasty application of the 
principle. Gergonne accompanied 
the reprint of this report with 
notes, in which he characterised 
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Analytical geometry, by substituting an algebraical ex- 
pression for a geometrical figure — say a curve, — could 
apply to it all the artifices of abstract analysis. By 
varying the co-ordinates you can proceed along the whole 
extent of the curve and examine its behaviour as it 
vanishes into infinity, or discover its singular points at 
which there occurs a break of continuity : you can vary 
its constants or parameters, and gradually proceed from 
one curve to another belonging to the same family, as is 
done in grouping together all curves of the second order, 
or — as was done in the calculus of variation, invented 
l^y Euler and Lagrange — you can vary the form of the 
equation, proceeding from one class of curve to another. 
Now clearly all this operating on equations and sym- 
bolic expressions was originally abstracted from geom- 
etry, including the mechanical conception of motion ; in 
particular the ideas which underlie the method of 
liuxions were suggested by the motion of a point in 
space. The conception of continuous motion in sj)ace — 


tfhe principle as a valuable in- 
strument for the discovery of 
new truths, which nevertheless did 
not make stringent proofs super- 
fluous.’’ Cauchy’s report seems to 
have ai'oufeed Poucelet's indignation. 
Hankel (‘Elernente der Projectiv- 
ischen Geometric,’ 1876, i). 9) 
says: *‘This principle, which was 
termed by Ebucelet the ‘Prin- 
ciple of Continuity,’ inasmuch as 
it brings the various concrete 
cases into connection, could not 
be geometrically proved, because 
the imaginary could not he 
represented. It was rather a 
present which pure geometry re- 
ceived from analysis, where im- 
aginary quantities hehave in all 
calculations like real ones. Only 


the habit of considering real and 
iinaguiary quantities as equally 
legitimate led to that principle 
which, without analytical geometry, 
could never liave been discovered. 
Thus pure geometry was compen- 
sated for the fact that analysis 
hud for a long time absorbed the 
exclusive interest of mathemati- 
cians ; indeed it was perhaps an 
advantage that geometry, for a 
time, had to lie fallow.” Kbtter 
continues; “Von Staudt was the 
first who succeeded in subjecting 
the imaginary elements to the 
fundamental theorem of projective 
geometry, thus returning to analyt- 
ical geometry the present which, 
in the haiids of geometricians, had 
led to the most beautiful results.” 
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of motion of points, lines, planes — corresponded accord* 
ingly to the notion of variability in analysis. The intro- 
duction of motion, gradual and continuous, would give 
to purely geometrical or desci'iptive reasoning the same 
flexibility which analysis had acquired in the calculus of 
fluxions and of variations. Figures would lose their 
rigidity and isolation and limited nature and become 
movable, related to each other, filling the whole of space 
instead of a restricted and confined area or region. It 
is the peculiarity of the modern as op])Osed to the older 
geometry, never to let figures become motionless or 
rigid, ^ never to consider them in their isolation, but 
always in their mutual relations ; never to have regard 
only to a finite portion of a line or surface, but to 
conceive of it in its infinite extension. By a reaction 
of analysis and geometry on each other, freedom and 
generality have been gradually acquired. 

But this moving about of figures in space in order 
to learn their properties and mutual relations must be 
according to some method ; otherwise it will not lead to 
scientific and exact knowledge. Poneelet, in considering 
how the two successful methods in geometry — the 
Cartesian and the Descriptive — had attained to their 
perfection, discovers a general principle which underlies 
their proceedings, and which is capable of great extension ; 
this is the principle of projection.*'^ ^ 


1 See, inter alia, what Qeiser 
says of Jacob Steiner’s method in 
his pamphlet ‘5!iur Erinnerung an 
Jacob Steiner,’ Schaffhau.sen, 1874, 
p. 27. 

‘Traits des Propri4tds pro- 
jectives,’ vol I p. xviii; “En 
rdfl(5ohissant attentxveinent h oe 


qui fait le principal avantage de 
la Gdomdtric descriptive et de la 
mdthode dea ooorclonndcs, h ce qui 
fait que ces branches des Mathd- 
matiques offrent le caraot6re d’une 
veritable doctrine, dont les prin- 
cipes, peu nombreux, sont lids et 
enclmlnds d^une mani^re ndcesfc<aire 
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Of this principle of proiection, which Poncelet at once 25 
introduces in the more general form as conical or central nov-ction. 
projection, two signal applications existed in the treatises 
on Conic Sections handed down from antiquity, and in 
the practical methods and Eules of Perspective invented 
by Lionardo da Vinci and further developed by various 
geometricians. The results, which lay scattered in many 
books and memoirs, Poncelet collected in a systematic 
form, bringing them, by the application of the law of 
continuity, under a few general and eminently useful 
points of view or principles. By the method of projec- 
tion or perspective he transformed figures whicli are 
very general into others which are particular, and rire 
vcrsdJ' He established the X)rinciple of homology ” in 
figures, and by showing how figures apparently very 
different could be described by the process of projection 
from the same original figure, he showed that there 
existed a peculiar relation among figures — viz., their 
‘‘ reciprocity/' ^ 

et })ar uiie marche uniforme, on figure« in an homologous rela- 
ne tarcle pas a reconuaitre quo cela tion was got by tlie device of 
ticut uniquement a I’usage qu’elles making two planes, which con 
font de la projection.’* tained figures in perspective, fall 

^ The properties of figures, called together into one plane ; upon 
by Poncelet homology” and ‘‘re- which the section of the two ong- 
ciprocity,” refer to the correspond- inal planes became the “axis,” 
euce of certain elements of one and the eye-point the centre ” 
figure to those of another figure, of homology — all situated in one 
In the case gf “ homology,” we and the same plane. Poncelet had 
have to do with corresponding already conceived of the possibil- 
puints or corresponding linen — ■£.c., ity of reducing the two planes in 
with the correspondence of the Mongers ‘Descriptive Geometry/ 
same elements. In the case of which represent the plan and ele- 
“reciprocity,” we have to do with vation of a figure in one plane, 
correspondence of points or lines on which the elevations were 
in the one figure, with lines or marked by what are now called 
points in the other— ie., with “contour lines.” The idea of the 
the correspondence of difierent correspondence of figures by what 
elements. The idea of placing is called “reciprocity” was sug- 
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By the law of continuity he showed how in pure 
geometry it became necessary to introduce the considera- 
tion of points and lines which vanish into infinity or 
which become imaginary, establishing by their invisible 
elements the continuous transition from one geometric 
form to another; just as in algebra these conceptions 
had forced themselves on the attention of analysts. 
Ideal elements were thus made use of to lead to the dis- 
covery of real properties. 

The consideration of lines and points which vanish 
or lie at infinity was familiar to students of perspective 
from the conception of the “vanishing line*'; but the 
inclusion of ideal points and lines was, as Hankel says, 
a gift which pure geometry received from analysis, 
where imaginary ideal or complex) quantities behave 
in the same way as real ones. Without the inclusion of 
these ideal or invisible elements the generality or con- 
tinuity of purely geometrical reasoning was impossible. 

The geometrical reasoning of Monge, Carnot, and 
Poncelet was thus largely admixed with algebraical or 
analytic elements. It is true that Monge’s descriptive 
geometry was a purely graphical method, and that 


gebted to Poncelet by the prop- 
erty, known already to Be la 
Hire (‘‘Sectiones Conicac,” 1686), 
that in the plane of a conic 
section every point corresponds 
to a straight line called its 
“polar,” that to every straight 
line corresponds a point called 
its “pole,” that the ‘^polara’* 
corresponding to all the points of 
a straight line meet in one and 
the same point, and vice versa 
that the “poles” corresponding to 
all lines going through one and 
iho same point lie on a straight 


line ; the line and point in ques- 
tion standing in both cases in the 
relation of pole and polar to each 
other. Poncelet uses “this trans- 
formation of one %ure into its 
reciprocal polar systematically as a 
method for hnding new theorems : 
to every theorem of geometry 
there corresponds in this way 
another one which is its ‘polar,’ 
and the whole of geometry was 
thus split up into a series of 
truths which run parallel and 
frequently overlap each other” 
(Hankel, loc. cit, p. 20). 
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Poncelet’s method of central projection attacked geometri- 
cal problems from a purely constructive point of view. 
Nevertheless the frequently expressed object of the later 
writings of Monge, as well as those of Carnot and 
Poncelet, was to introduce into geometrical reasoning 
the generality and continuity which analysis possessed, 
and this was largely attained by the interpretation of 
nations taken over from analysis. Their endeavours 
were, however, in the sequel crowned by the discovery 
of a purely geometrical property, the understanding of 
which has ever since formed the basis of what may be 
termed modern geometry. 

This remarkable property, which may be regarded 
as revealing the very essence of e.x tension in space or 
of the “ space -manifold,” — inasmuch as it brings the 
different elements of space into mutual relation, — is the 
so-called principle of “ duality ” or of reciprocity.” The 
principle of duality is now usually defined to mean that 
in geometry on the plane or in space, figures coexist in 
pairs, two such coexisting figures having the same genesis 
and only differing from one another in the nature of the 
generating element.” ^ The elements of plane geometry 
are the point and the line ; the elements of solid geometry 
are the point and the plane. By interchanging these 
correlative terms, correlative propositions may be written 
down referring to plane and to space geometry. In pro- 
jective geometry there are two processes which are cor- 
relative or complementary to each other — the process of 
projection and the process of section. We can project 

^ Cremona, ‘Elemontw of Projective Geometry,’ transl. by LeudoHdorf. 
Oxford, 1885, p. 26. 
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from a point drawing lines or rays on the plane and in 
space, and we can cut these by lines in a plane or by 
planes in space. And it can be shown that '‘if one 
geometric form has been derived from another by means 
of one of these operations, we can conversely, by means 
of the complementary operation, derive the second from 
the first,” ^ 

The projective geometry of Poncelet contains the two- 
fold origin of the principle of duality in his method of 
projection and section, and in his theory of the reciprocity 
of certain points and lines in the doctrine of conic sections, 
called the theory of reciprocal polars. But the mathe- 
matician who first expressed the principle of duality in a 
general — though not in the most general — form was 
Gergonne, who also recognised that it was not a mere 
geometrical device but a general philosophical principle, 
destined to impart to geometrical reasoning a great 
simplification. He sees in its enunication the dawn of 
a new era in geometry.^ 


1 Cremona, toe. cit., p. S3. 

The principle of Duality seems 
to have been first put forward in its 
full generality by Gergonne, in- 
spired probably by the theory of 
Reciprocal Polars (see note, p, 663) 
enunciated by Poncelet, who many 
years afterwards carried on a vol- 
uminous polemic as to the priority 
of the discovery. ‘^Gergonne saw 
that the parallelism (referred to 
above) is not an accidental conse- 
quence of the property of conic 
sections, but that it constitutes a 
fundamental principle which he 
termed the ‘principle of duality.’ 
The geometry which is usually 
taught, and in which a line is con- 
sidered to be generated by the 
motion of a point, is opposed by 


another geometry equally legiti- 
mate in which a point is gener- 
ated by the rotation of a line. 
Whereas in the first case the line is 
the locus of the moving point, in 
the latter case the point is the 
geometrical intersection of the 
rotating line. In this generality 
the principle of duality has been in- 
corporated into mo^rn geometry ” 
(Hankel, loo. 21). Gergonne 
says of the new principle (1827, see 
Supplement to?vol. ii. 2nd ed. of 
Poncelet’s * Traitc,’ p. 390) : “ II ne 
s’agit pas moins^ que de commencer 
pour la gdometrie, mal connue 
depi^is pr^js de deux mille ans qu’on 
s’en occupe, une bre tout- ii -fait 
nouvelle ; il s’agit d'en mettre tous 
les anoiens traites k peu prbs au 
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It must, however, in all fairness be stated that about 
the period from 1822 to 1830 this great simplification 
and unification of geometric science was as it were in the 
air — that it had presented itself to various great thinkers 
independently, being suggested from difierent points of 
view The beginnings can no doubt be traced in the 
l)eautiful theorems of older French mathematicians, such 
as Pascal and De la Hire, and more generally in the 
suggestive methods of Monge and Poncelet ; its first 
formal enunciation is in the memoirs of Gergoniie : 1ml 
the comprehensive use of it — the rewriting of geometry 
from this point of view — was the idea of Jacob Steiner, 
who, in his great but unfinished work on the “ Systematic* 
IJevelopment of the Dependence of Geometric Forms ' 
(1830), set himself the great task “of uncovering the 
organism by which the most different forms in the world 
of space are connected with each other.’' “There are,” 
he says, “ a small number of very simple fundamental 
relations in which the scheme reveals itself, by which 
the whole body of theorems can be logically and easily 
developed.” “Through it we come, as it were, into pos- 
session of the elements which Nature employs with the 
greatest economy and in the simplest manner in order to 
invest figures with an infinite array of properties ” ^ 


rebut, de leur sub-stituer cles traites 
d’uue forme tout-j'i-fait differente, 
des tniitds vraiment philosophiquea 
qui nous montrent enfxn oette <5ten- 
due, receptacle universe! de tout cc 
qui exi'ste, sous .sa veritable physi- 
onomie, que la mauvaise inothode 
d’eixseigiiement adoptee juseju’a ce 
jour ne nuuw avait pas permis de 
remarquer ; il s’agit, en un ^ mot, 
ePoperer dans la science une revolu- 


tion aussi impdrieusement nt'ces- 
saire qu*elle a etc ju8(j[u*ici pou 
prdvue.” 

' See the Preface to the ‘Sys- 
tematische Entwickelung, &e. 
in Jacob Steiner’s ‘ Gesarnnielte 
Werke’ (ed. Weierstrass), vol. i. 
p. 229. ‘‘In the beautiful the<»reiu 
that a conic section cun be gener- 
ated by the intersection of two 
projective pencils (and the dually 


30 

Stemet . 
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31 . 

Mutual in- 
fluence of 
metrical and 
projective 
geometry, 


The labours of Poncelet and Steiner introduced into 
geometry a twofold aspect, and accordingly, about the 
middle of the century, we read a good deal of the 
two kinds of geometry which for some time seemed to 
develop independently of each other. The difference 
has been defined by the terms “ analytic or synthetic,” 
'' calculative or constructive,” ‘^metrical or projective,” 
The one operated with formulie, the other with figures ; 
the one studied the properties of quantity (size, magni- 
tude), distances, and angles, the other those of position. 

The projective method seemed to alter the magnitude 
of lines and angles and retain only some of those of 
position and mutual relation, such as contact and inter- 
section. The calculating or algebraical method seemed 
to isolate figures and hide their properties of mutual 
interdependence and relation. 

These apparent defects stimulated the representa- 
tives of the two methods to investigate more min- 
utely their hidden causes and to perfect both. The 
algebraical formula had to be made more pliable, to 
express more naturally and easily geometrical relations ; 
the geometrical method had to show itself capable of 
dealing with quantitative problems and of interpreting 
geometrically those modern notions of the infinite and 
the complex which the analytic aspect had put promi- 


correUted theorem referring to 
projected ranges), Steiner recog- 
nised the fundamental principle 
out of which the iunumerahle 
properties of these remarkable 
curves follow, as it were, automat- 
ically v^ith playful ease. Nothing 
is wanted but the combination of, 
the simplest theorems and a vivid 


geonietrical imagination capable of 
looking at the same figure from 
the most difibrent sides in order 
to multiply the number of pro- 
perties of these curves indef- 
initely ” (Hankel, loc. cU,, p. 
26 ; see also Cremona, ‘ Projective 
Geometry,’ p. 119). 
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nently into the foreground. The latter was done by 
the geometric genius of Von Staudt, w’ho succeeded in 
giving a purely geometrical interpretation of the imagin- 
ary or invisible elements ^ which algebra had introduced, 
whilst Steiner astonished the mathematical world by the 
fertility of the methods by which he solved the so- 
called isoperimetrical problems — i.c., problems referring 
to largest or smallest contents contained in a given 
perimeter or vice versd, problems for which Euler and 
Lagrange had invented a special calculus.'" In spite of 


^ The geometrical inter pretation 
of the imaginary elements is given 
by Von Staudt in a sequel to his 
‘ Geometrie der Lage ’ (1S47), en- 
titled ‘ Beitnige znr Geometrie der 
Lage’ (1856-60); and after hav- 
ing been looked upon for a long 
time as a curiosity or a “hair- 
splitting abstraction,” it has 
latterly, through the labours of 
Pi of. ileye (‘Geometric der Lage,’ 
1866-68) and Prof. Luroth (‘Math. 
Aunaleii,’ vol. xiii, p. 145), become 
more accessible, and is systematic- 
ally introduced into many excel- 
lent text-books published abroad. 
The simplest exposition I am ac- 
quainted with is to be found in 
the later editions of Dr Fiedler’s 
German edition of Salmon’s ‘ Conic 
Sections ’ (0th Aufl., vol. i. p. 28, &c., 
and p. 176, &c.) In 1875, before 
the great change winch has brought 
unity and connection into many 
isolated and fragmentary contribu- 
tujus had beeH recognised, Hankel 
wrote with regard to Von Stand t’s 
work, and in compan.son with that 
of Chn.sles, as follows ; “ The work 
of You Staudt, classical in its 
originality, is one of those attempts 
to force the manifoldness of nature 
with its thousand threads running 
hither and thither into an abstract 
scheme and an artificial system : an 
attempt such as is only possible in 


our Fatherland, a country ot .strict 
scholabtie method, and, we may add, 
of scientific pedantry. The French 
ceitainly do as much in the exact 
sciences as the Germans, but they 
take the instruments whoiever 
they find them, do not .saciifico 
intuitive evidence to a love of 
system nor the facility of method 
to its purity, in the quiet town 
of Erlangen, Von Staudt might well 
develop for himself in Hoelusion 
his scientific system, which he 
would only now and then explain 
at his desk to one or two pupils. 
In Paris, in vivid intercourse with 
colleagueB and numerous pupils, 
the elaboration of the stem i 
would have been impossible ” (toe. • 

citj j). 80). 

- See Uie lecture delivered by 
Steiner in the Berlin Academy, 
December 1, 1886, and the tivo 
memoirs on ‘ Maximum and Min- 
imum’ (1841), reprinted in ‘Ge- 
saiumelto Werke,’ vol. ii. p. 75 
8g<j»f and 177 especially the 
intereHtmg Introductions to both, 
in which he refer.s to his fore- 
runner Lhuilier (1782), deploring 
that othci's had ueedleH.sly forsaken 
the simple synthetical methods 
adopted by him. Some of 
Steiner's expositions in the.so 
matters were apparently s<> easy 
that non - mathematical listeners 
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these marvellous works of genius, science is probably 
indebted for its greatest advances to those mathema- 
ticians who, like Plucker in Grermaiiy, Chasles in France, 
and Cayley in England, employed the analytic and con- 
structive methods alternately and with equal mastery. 

It is impossible — and it is not niy object — to allot to 
each of these original thinkers the special ideas intro- 
duced by him into modern science ; but for the purpose 


like Johannes Muller could not 
understand how fauch simple things 
could he brought before the 
Academy of Sciences, whereas the 
great mathematician Dinchlet was 
full of praise of the ingenuity of 
the method by which problems 
were solved which the Calculus 
of Variations attacked long after 
Steiner, and then only in ways 
which the synthetical method had 
indicated (see Geiser, ‘ Zur Erin- 
neruug an Jacob Steiner,’ p. 28). 
It must not be supposed, however, 
that Steiner was an extreme purist 
so far as geometrical methods were 
concerned, tor he says him.self 
“ that of the two methods neither 
is entitled to exclude the other ; 
rather both of them will, lor a long 
time, have plenty to do m order to 
master the subject to some extent, 
ind then only can an opinion as to 
dieir respective merits be formed ” 
{‘ Ges. Werkc,’ vol. h. p. ISO). 
An instance of a celebrated prob- 
lem being treated alternately by 
synthetic and analytic methods 
is that of the Attraction of 
Ellipsoids, in which the Theorem 
of Maclaurin had created quite a 
sensation. In spite of the ad- 
miration which it evoked, both 
Legeiidre and Poisson expressed 
the opinion that the resources of 
the synthetic method are easily 
exhausted. The latter, whilst ad- 
mitting “'que 3a synthl'se ait 
d’abord devance 1 ’analyse,” never- 


theless concludes that “ la question 
11 ’a ete enfin rcsolue complotement 
que ijar des transformations ana- 
lytiques. . . auxquelles la syn- 
thbse n’aurait pu suppleer.” This 
expression of opinion was falbified 
when Chasles presented to the 
Academy, in the year 1837, a 
memoir in which, through the 
study of confocal surfaces, the 
Theory of Maclaurin was synthet- 
ically proved in its full generality. 
Poinsot, wlio reported on this 
memoir, attached the following re- 
marks : “ Ce mduioiro remarcjuable 
nous ofire un nouvel exemple de 
I’dlegance et de la clartc que la 
gdometrie peut repandre sur les 
questions les plus obscures et les 
jilus difficiles. ... II est certain 
qu’on ne doit negliger iii Tune ni 
I’autre ; dies sont au fond presque 
toujours unies dans nos ouvrages, 
et forment ensemble comme I’in- 
strument le plus complet de I’esprit 
humain. Car notre esprit ne 
marche guhro qu’ii Taide des signes 
et des images ; et quaud il cherche 
ii. pdndtrer pour la •premiere fois 
dans les questions difficiles, il n’a 
pas trop de ces deux moyens et 
de cette force particulid’e qu’il ne 
tire souvenb que de leur concours. 
C’est ce que tout le monde peut 
sentir, et ce qu’on peut recon- 
naltre dans le Memoire meme.” 
(Chasles, ‘Rapport sur les progr^s 
de la geometrie,’ 1870, p. 105, &c.) 
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of bringing some order into the tangled web of mathe- 
matical speculation, mainly represented by these, T shall 
identify the name of Plucker with the great advance 
which has taken place in geometry through the change 
in our ideas as to the elements of space construction and 
the generalisation of our ideas of co-ordinates : with 
Chasles T shall specially connect the modern habit in 
geometry of combining ligures in finite space with their 
infinitely distant elements, and with Cayley the application 
to geometrical science of the novel and comprehensive 
methods of modern algelira. l.et us dwell for a niomeiit 
on each of these three great departures. 

The elements of any science are a very different thing 
from the elements of the special object with which that 
science is concerned. The elements of chemistry are not 
the chemical elements. The latter arc, we suppose, 
something existing in natui'e, something fixed and un- 
alterable, which science aims at liiiding out ; the former 
are certain conceptions from which we fuicl it convenient 
to start in teaching, expounding, and building uj) the 
science of chemistry. The latter are artiheial, the former 
are natural. The same remark obtains in geometrical 
science. The elements of geometry have an historical, 
a practical beginning : the elomouts of space form a con- 
ception which gradually emerges in the progress of geo- 
metrical science. In every science there is a tendency 
to replace the casual a3xd artificial elements by the 
natural or real elements, and to build up the historical 
traditional body of doctrine anew, using the very 
elements which Nature herself, as it were, employs in 
producing her actual forms and objects. As the pass- 


32, 

Plufker, 

C’lijihles, 

Cayley. 


33 . 

iristoi ical 
anti lo^ioal 
lountlatioiiii. 
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age quoted above shows, such an idea must have been 
before the mind of Jacob Steiner when he wrote the 
‘ Systematische Entwiekelung/ Through Euclid geo- 
metricians had learnt to begin with the straight line of 
definite — not indefinite — length, the triangle, the circle, 
advancing to more complicated figures; practice had 
made geometry a science of mensuration, involving 
number ; the convenience of practice in astronomy, 
geodesy, and geography had introduced the artifice of 
referring points and figures in space to certain arbi- 
trarily chosen data — points and lines. The terms right 
ascension ” and declination,’’ “ altitude ” and “ azi- 
muth,” “ latitude ” and “ longitude,” led to the co- 
ordinates of Descartes and to analytical geometry. In 
this older and modern geometry, the beginnings were 
arbitrary, and many conceptions were introduced which 
were foreign to the object of research. It was through 
a slow process that in quite recent times — notably dur- 
ing the nineteenth century — mathematicians became 
aware how artificial were their methods, and with how 
many foreign elements they had encumbered the objects 
of their study. To replace the artificial by natural con- 
ceptions, and to open ' the eyes of geometricians to the 
advantage of not confining themselves to the point (its 
motion and distances) as the element in their space 
construction, no one did more than Julius Pllicker of 
Bonn. We have now not only a point - geometry^ 
but likewise a line - geometry — i,e., we have a geom- 
etry in which the line is the primary element, the 
point being the secondary element, defined by the 
intersection of two lines. This conception, which 
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can be applied also to geometry in space, the point 
being conceived as generating a plane by its motion, or 
three planes defining a point by their intersection, leads 
us to the same idea of dual correspondence or reciprocity 
which Poncelet and Gergonne had arrived at by entirely 
diiferent considerations. PluckePs was an analytical 
mind, and with him the principle of duality at once 
assumes an analytical form. He saw that the same 
equation lent itself to a twofold interpretation, accord- 
ingly, as we adopt point co-ordinates or line co-ordinates 
— i.e,, according as we refer our geometrical figure to the 
point or the line as the moving and generating space 
element. Through this step the idea of co-ordinates 
was generalised, and the dualistic conception of figures 
in space received an analytical expression. It w^as 
the junction of analytical and descriptive methods on a 
higher level, from which an entirely novel and fertile 
development of geometry became possible. 

Whilst the labours of Plitcker lay in the direction of 
making analytical formuke more natural, better adapted 
to the expression of geometrical forms and relations, and 
of reading out of these remodelled formulae novel geometri- 
cal properties, the French school, with Michel Chasles ^ 


^ In addition to numerous valu- 
able memoirs, Chasles published, 
among others, Imo works of para- 
mount importance, inasmuch as 
they for a long time dominated 
purely geometrical research, not 
only in France but also in Ger- 
many and England,— the 'Aper^u 
historique sur I’origine et le 
developpenient cles mdthodes en 
geometrie ’ (1837), and the *Traitd 
de gcioinetrie supmeure’ (1852). 
These works, through their bril- 

VOL. 11. 


liant style, nut only threw into 
the shade for a time the labours 
of contemporary German mathema- 
ticians, such as Mubius, Steiner, 
Hiicker, and Von Staudt, but also 
obscured some of the single dis- 
coveries of the authoi' himself. 
The ‘Aper$u’ was early trans- 
lated into German ; whereas in 
this country it was the Dublin 
school, notably Townsend and Dr 
Salmon, who spread a knowledge 
of Ohasle»*8 work, 

2 u 


34 . 
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as its leader and centre, laboured at the introduc- 
tion into pure geometry of those ideas which were 
peculiar to the analytical method, and which gave to 
that method its unity, generality, and comprehensiveness. 
Two ideas presented themselves as requiring to be geo- 
metrically dealt with : the infinite and the imaginary — 
ie., the elements of a figure which lie at infinity and those 
which are ideal or invisible, which cannot be construed. 
It is usually supposed that the consideration in geometry 
of imaginary or invisible elements in connection with real 
figures in space or on the plane has been imported from 
algebra; but the necessity of dealing with them must 
have presented itself when constructive geometry ceased 
to consider isolated figures rigidly fixed, when it ado])ted 
the method of referring figures to each other, of looking 
at systems of lines and surfaces, and of moving figures 
about or changing them by the processes of projection 
and perspective. The analytical manipulations applied 
to an equation, which according to some system or other 
expressed a geometrical figure, found its counterpart 
in projective geometry, where, by perspective methods, — 
changing the centre or plane of projection, — certain 
elements were made to move away into infinity, or when 
a line that cut a circle moved away outside of it, seem- 
ingly losing its connection with it. By such devices, 
implying continuous motion in space, Poncelet introduced 
and defined points, lines, and other space elements at 
infinity, and brought in the geometrical conception of 
ideal and imaginary elements. “Such definitions,*' he 
says, ‘*have the advantage of applying themselves at 
once to all points, lines, and surfaces whatsoever ; they 
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are, besides, neither indifferent nor useless, they help to 
shorten the text and to extend the object of geometrical 
conceptions ; lastly, they establish a point of contact, if 
not always real, at least imaginary, between figures which 
appear — frima vista — to have no mutual relation, and 
enable us to discover without trouble relations and 
properties which are common to them.''^ It was the 
principle of geometrical continuity which led Poncelet to 
the consideration of infinite and imaginary elements. 

As we saw above, the projective methods of Poncelet 
had introduced into geometrical reasoning a remark- 
able distinction among the properties of figures. In 
general it was recognised that, in the methods of 
central and parallel projection or in drawing in per- 
spective, certain properties or relations of the parts 
of a figure remain unaltered, whereas others change, 
become contorted or out of shape. Poncelet called the 
former projective or descriptive, the latter metrical, 
properties. This distinction introduced into all geom- 
etry since his time several most important and funda- 
mental points of view ; it divided geometrical research 
into two branches, which we may term positional 
and metrical geometry — the geometry of position and 
that of measurement. We know that ancient geometry 
started from problems of mensuration : modern geometry 
started, wifh Monge, from problems of representation or 
graphical description. It has thus become a habit to 
call ancient geometry metrical, modern geometry pro- 
jective. This habit has led to an unnecessary separation 
of views, but in the further course of development also 

^ * Traite ties Fropri^‘t<58 projectives/ vol. I p, 28. 
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Invariants. 


to a unification on a higher level. But the distinc- 
tion mentioned above led to another most remarkable 
line of thought and research which tends more and 
more to govern mathematical doctrine. The methods 
of projection are based upon the motion or upon the 
transformation of figures. Under such a process some 
relations remain unaltered or invariant, others change. 
As analytical methods in the hands of Plucker and 
others began to accommodate themselves more do/sely to 
geometrical forms, as an intimate correspofiden/ce was 
introduced between the figure and the formula, it' became 
natural to study the unalterable properties of; the figure 
in the invariant elements of the formula. J'his is the 
origin and meaning of the doctrine of Invariants.^ 
It is the great merit of the English school of mathe- 
maticians, headed by Boole, Cayley, and Sylvester, both 
to have first conceived the idea of a doctrine of invariant 


^ “ In any subject of inquiry there 
are certain entities, the mutual 
relations ot which, under various 
conditions, it is desirable to ascer- 
tain. A certain combination of 
these entities may be found to 
have an unalterable value when 
the entities are submitted to cer- 
tain processes or are made the 
subjects of certain operations. 
The theory of invariants in its 
widest scientific meaning deter- 
mines these combinations, eluci- 
dates their properties, and expresses 
results when possible in terms of 
them. Idany of the general prin- 
ciples of political science and 
economics can be expressed _ by 
means of invariantive relations 
connecting the factors which 
enter as entities into the special 
problems. The great principle of 
chemical science which asserts that 


when elementary or compound 
bodies combine with one another 
the total weight of the materials 
is unchanged, is another case in 
point. Again, in physics, a given 
mass of gas under the operation 
of varying pressure' and tempera- 
ture has the well-known invariant, 
pressure multiplied Vjy volume and 
divided by absolute temperature. 
Examples might be multiplied. 
In mathematics the entities under 
examination may b% arithmetical, 
algebraical, or geometrical ; the 
processes to which they are sub- 
jected may be any of those which 
are met with in mathematical 
work. It is the principle which 
is valuable. It is the idea of 
invariance that pervades to-day all 
branches of mathematics’' (Major 
P. A. MacMahon, Address, Brit. 
Assoc., 190L p. 6261. 
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forms, and to have foreseen its importance and corre- 
sponding significance when applied to a great variety of 
scientific problems, notably to the projective processes 
in geometry. These were known to them mainly 
through the classical treatises of Poncelet and Chasles, 
the leading ideas of which had been introduced to 
British students by the labours of the Dublin school.^ 
The investigations referred to mark the junction of 
two important lines of mathematical research, which 
had been carried on independently in earlier times, or 
only united for special purposes or for the solution 
of special problems. The history of the progress of 
geometry during the nineteenth century has already 
shown us the use and interest which belong to two 


different aspects of the common object, of which the 
one relies mainly on processes of measurement, including 
number, the other mainly on processes of description, in- 


^ The history of the doctrine of 
invariants has been written by Dr 
Franz Meyer, and is published in the 
first volume of the ‘ Jahresbericht 
der Deutschen Mathematiker Ver- 
einigung ’ (p, 79 sffq,) The fact that 
this formed the first of the several 
Keports which the German Mathe- 
matical Society has undertaken to 
publish, testifies to the great im- 
portance which belongs to this 
doctrine in the history of recent 
mathematics. A concise summary 
with copious ireferences is given by 
the same author in the first volume 
of the ‘ Encyklopadie der Math. 
Wisaenschaften,’ p. 320 sqq. How 
necessary the form and perfection 
of algebraic operations was for the 
development of the geometrical 
conceptions which are laid down, 
c.y., in the works of Pliicker, 
can be seen in the work of 
Otto Hesse, who introduced ele- 


gance and conciseness into many 
of the expositions which, for want 
of this formal development, ap- 
pear cumbrous in the writings of 
Flucker. “ The analytical form in 
which Pliicker’s Hesearches present 
themselves is frequently wanting 
in that elegant form to which we 
have become accustomed, specially 
through Hesse. Plucker’s calcula- 
tions frequently bear the stamp of 
mere aids for representing geo- 
metrical relations. That algebraical 
connections possess an interest in 
themselves, and require an ade- 
quate representation, was realised 
only by a generation which habitu- 
ally employed methods that had 
been largely devised by l^liicker 
himself* (A. Olebsch, ‘Zum Ge- 
dachtniss an Julius Pliicker,’ 1872. 
p. 8. See also Gustav Bauer, 
* Gedachtnissrede auf Otto Hesse,’ 
Hiinchen, 1882). 
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eluding arrangement. The same difference of views can 
be established with regard to many other things which 
form the objects of other sciences. In geometry this 
difference obtrudes itself, as it were, in its naked form. 
Thus in all the natural, and even the social, sciences we 
have become accustomed to loot first at the constituent 
elements or parts of things, to count and measure them, 
then afterwards to look at their possible arrangement, 
or existence together in the actual world of nature or 
society. Astronomy, crystallography, chemistry, geology, 
the natural history sciences, economics and statistics, the 
doctrine of chances, — all furnish, especially in their sys- 
tematic development during the last hundred or hundred 
and fifty years, examples of the twofold aspect just re- 
ferred to. The progress of these sciences, as we have 
abundantly seen, has depended largely upon the application 
of mathematical methods. As the analysis into elements 
or parts, and the possible synthesis of such elements in 
complicated structures, has become everywhere the otxler of 
study, so there must exist in the abstract science of mathe- 
matics — i< 2 ., in the framework of our scientific reasoning 
— not only the theory of measurement and number, but 
also that of combination, form or arrangement, md order. 

37. The doctrine of forms in the well-known prob- 

Theoryof . , . . , , 

forms. lems of permutations and combinations begins with 
modem mathematics in the seventeenth century, and 
received scientific recognition mainly in ■ comiectioh 
with the doctrine of chances at the hands of James 
Bernoulli abroad, and of De Moivre in this countiy. 
The process of multiplication of binomials and poly- 
nomials leads to the formation of combinations, and 
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where the factors are the same, as in Newton’s bi- 
nomial theorem, to combinations with permutation ; and 
consequently the doctrine of chances and of arrange- 
ments in triangular, pyramidal, or other figures is closely 
connected with the doctrine of series and algebraical 
expressions. In this country the interest in the subject 
has been stimulated and kept alive by isolated problems 
and puzzles in older popular periodicals, such as the 
‘ Gentleman’s Magazine ’ and the ' Ladies’ Diary’ ; in Ger- 
many — as we noticed before — a school of mathematicians 
arose who attempted a systematic treatment of the whole 
subject, which, owing to its barrenness in practical re- 
sults, brought this line of research somewhat into dis- 
repute. What was wanted was a problem of real 
scientific interest and a method of abbreviation and 
condensation. Both were supplied from unexpected ^ 


1 The theory of arrangement or 
of order, alsso called the “ Arw Ooui- 
binatoria,” has exerted a great 
fasciuatioii on some master minds, 
as it hafs also given endless oppor- 
tunities for the practical ingenuity 
of binaller talents ; among the 
former we must count in the first 
place Leibniz, and in recent times 
J. J. Sylvester, who conceived the 
“sole proper business of mathe- 
matics to be the development of 
the three germinal ideas — of which 
continuibj" is one, and order and 
number the ^ other two” (‘Philo- 
sophical Transactions,’ vol. cHx. p. 
613). This idea has been dwelt on 
by Major MacMahon in his address 
(Brit. Assoc., 1901, p. 526), who says; 
“The combinatorial analysis may 
be described as occupying an ex- 
tensive region between the algebras 
of discontinuous and continuous 
quantity. It is to a certain extent 
a science of enumeration, of mea- 


surement by means of iniegers as 
opposed to measurement of quan- 
tities which vary by infinitesimal 
increments. It is aLo concerned 
with arrangements in which dificr- 
enccs of quality and relative position 
in one, two, or three dimensions are 
factors. Its chief problem is the 
formation of connecting roads be- 
tween the sciences of discontinu- 
ous and continuous (quantity. To 
enable, on the one hand, the 
treatment of (j[uantities which vary 
either in magnitude 
or position, by the methods of the 
science of continuously varying 
tluantity and position, and, on the 
other hand, to reduce problems of 
continuity to the resources avail- 
able for the management of dis- 
continuity, These two roads of 
research should be regarded as pene- 
trating deeply into the domains 
which they connect.” 
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quarters — the one purely theoretical, the other practical. 
Accordingly the doctrine of forms and arrangements has 
during the last century been developed by mathematicians 
in two distinct interests, which only quite lately seem to 
approach and assist each other. 

The purely abstract or theoretical interest came from 
the side of the theory of numbers, a branch of research 
which was revived by Legendre in France and by the 
youthful genius of Gauss in Germany; the more practical 
one came from the theory of equations, notably in its 
application to problems of geometry. The methods by 
which these subjects were treated had in the early part 
of the nineteenth century undergone a great change. 
The older inductive method in both branches — namely, 
in the solution of equations and in the investigation of 
the properties of numbers — relied mainly on ingenious 
devices which were mostly of special, not of general, 
value. Theorems were found by induction, and had 
afterwards to be proved by rigorous logical deduction. 
Success depended on the degree of care with which the 
mind operated with mathematical symbols, and rested 
frequently on the intuition, if not the insinration, of 
genius. Two of the greatest mathematical minds — 
Fermat^ in France and Newton® in England— stood 


^ Pierre Fermat (1601-65) pre- 
pared an edition of the Treatise of 
Diopliantus, and his marginal notes 
contain many theorems referring 
to the properties of numbers which 
have been the subject of much 
comment ^ and examination by 
mathematicians of the first rank 
down to the present day. In 
letters to contemporaries he re- 
ferred to many of these dis- 
coveries, and to his proofs, which 
he did not communicate. Some 


of these proofs seem not to have 
satisfied him, being*" deficient in 
rigour. In spite of the labours of 
Euler, Lagrange, Cauchy, Dirich- 
let, Kummer, and others, one of 
these theorems still awaits proof. 
A full account of Fermat’s theorems 
is given in Cantor’s * Geschichte der 
Mathematik,’ vol ii. 2nd ed., p. 
778 sqg. Also in W, House 
Ball’s ‘History of Mathematics,’ 
p. 260 sqq* 

® Newton, in bis ‘ Universal 
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foremost in having with unrivalled fertility x^ropounded 
theorems which were as difficult to prove as the 
manner in which they had been arrived at was mysteri- 
ous. The great analytical genius of Euler, who possessed 
unequalled resources in the solution of single problems, 
spent much time and power in unravelling the riddles 
of Fermat. In the theory of equations the general 
solution beyond the fourth degree baffled the greatest 
thinkers. The time had come when in both branches 
a systematic study of the properties had to be at- 
tempted. This was done for the theory of numbers by 
Gauss, for that of equations by Abel. Every great 
step in advance of this kind in mathematics is accom- 
panied by, and dependent on, skilful abbreviations, and 
an easy algorithm or mathematical language. An as- 
semblage of elements held together by the simplest 
operations or signs of arithmetic — namely, those of 
addition and multiplication — is much easier to deal 
with if it can be arranged with some regularity, and 
accordingly methods were invented by which algebraical 
expressions or forms were made symmetrical and homo- so. 
geneous ; ^ the latter property signifying that each term 


Ainthmetic,’ gave an interesting 
theorem by which the number of 
imaginary roots of an equation can 
be determined ; he left no proof, 
and the theordln was disoussed by 
Euler and many other writers, till 
at last Sylvester in 1866 found the 
proof of it in a more general 
theorem. In more recent times 
Jacob Steiner published a great 
number of theorems referring to 
algebraical curves (see Crelles 
* Journal,' vol. xlvii.) which have 
been compared by Hesse with the 
“riddles of Fermat.” Luigi Cre- 
mona succeeded at last in proving 


them by a general synthetical 
method. 

^ The introduction of homogene- 
ous expressions marks a great 
formal advance in algebra and 
analytical geometry. The first in- 
stance of homogeneous co-ordinates 
is to he found in Mubius’s “ Bary- 
centric Calculus” (1826), in which 
he defined the position of any point 
in a plane by reference to three 
fundamental points, considering 
each point as the centre of gravity 
of those points when weighted. 
“The idea of co-ordinates appears 
here for the first time in a new 
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contained the same number of factors. Such forms 
could be written down on the pattern or model of 
one of their terms by simple methods of exchange or 
permutation of the elements. It would then not be 
necessary to write down all the terms but only to indicate 
them by their elements, these also being abbreviated by 
the use of indices. Eows and columns or arrangements 
in squares suggested themselves as easy and otherwise 
well-known artiiices by which great masses of statistics 
and figures are marshalled and controlled. Out of these 
manifold but simple devices there grew an algebra of 
algebra, a symbol for denoting in a very general way 
symmetrical and homogeneous algebraical expressions.^ 
Gauss termed such expressions Determinants : they 
turned up in liis ‘ Disquisitiones Arithmetics ’ as they had 
done half a century before in Cramer’s 'Analyse des lignes 
coiirbes algebriques.’ Just as common fractions can be 


garb, which soon led to a more 
general conception. The Bary- 
ceutric co-ordinate-s were the first 
instance of homogeneous co-ordiu- 
atea, . , . and already with Mbbius 
the advantages become evideixt 
through the symmetiy and ele- 
gance of his formulas” (Hankcl, 
‘Project. Geom,,® p. 22). 

^ determinants were first used 
by Leibniz for the purpose of 
elimination, and described by him 
in a letter to the Marquis de 
I’Hospital (1693). The importance 
of his remarks was not recognised 
and the matter was forgotten, to 
be rediscovered by Cramer in the 
above-named work (1760, p, 
657), It is interesting to note 
that the same difficulty of the 
process of elimination induced 
PUlcker to resort to geometrical 


intei pretatiou of analytical ex- 
pressions, and that whilst he “ saw 
the main advantage of his method 
in avoiding algebraical elimination 
through a geometrical considera- 
tion, Hesse showed how, through 
the use of Determinants, algebraical 
operations could receive that pliabil- 
ity the absence of which was the 
reason for Pliicker to discard it.” 
(*See the account of Clebsch’s work 
in ‘Math. Ann.,’ vii. p. 13.) 
Through this invention the com- 
binatorial analysis, which, in the 
hands of the school in Germany, 
had led into a desert, was raised 
again into importance. It has be- 
come still more important since the 
general theory of forms and of 
groups began to play an increasing 
part in modern analysis. 
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dealt with as if they were special things having special 
properties, though the latter depend only on the pro- 
perties of the numbers they are made up of and their 
mode of connection ; as powers and surds are separately 
examined; so the arrangements called determinants can 
be subjected to a special treatment, their properties 
ascertained, and themselves subjected to the ordinary 
operations of arithmetic. This doctrine, which con- 
stitutes the beginning and centre of the theory of 
algebraical forms or “ qualities and of algebraical 
operations or “ tactics,” was pretty fully worked out 
and first introduced into the course of teaching by 
Cauchy in France ; then largely adopted by Jacobi in 
Germany, where Otto Hesse, trained in the ideas of 
Plucker, first showed its usefulness in his elegant 
applications to geometry. In France it was further 
developed by Hermite, who, together with Cayley and 
Sylvester in England, proclaimed the great importance 
of it as an instrument and as a line of mathematical 
thought.^ In the latter country the idea ^of abbrevi- 
ating and summarising algebi’aical operations had become 
quite familiar through another device which has not 
found equal favour abroad — namely, the Calculus of 


^ ‘‘For what is the theory of 
determinants It is an algebra . 
upon algebra ; a calculus which , 
enables us to combine and foretell l 
the results of algebraical opera- i 
tious, in the same way as algebra 
enables us to dispense with the 
performance of the special opera- 
tions of arithmetic. All analysis 
must ultimately clothe itself under 
this form.’’ In this connection 
^Sylvester (‘Phil. Mag./ 1851, ApL, i 


p. 301) refers to Otto Hesse’s 
“problem of reducing a cubic 
function of three letters to another 
consisting only of four terms by 
linear substitutions — a problem 
which appears to set at defiance all 
the processes and artifices of com- 
mon algebra,” as “perhaps the 
most remarkable indirect question 
to which the method of determin- 
ants has been hitherto applied.” 
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Calculus of treating algebraical operations 

Operations, and their symbols as quantities, and of subjecting them 
to arithmetical treatment separately from the mate- 
rial operated on. The genius of Arthur Cayley was 
specially fertile in this direction, as was that of 
Sylvester in the nomenclature or language of the 
doctrine of forms.^ The merit, however, of having 
brought together the new ideas which emanated from 
the schools of Poncelet and Chasles in France, of Cayley 
and Sylvester in England, into a connected doctrine, and 
of having given the impetus to the fundamental re- 


^ The theory of invariants was 
gradually evolved from many inde- 
pendent beginnings. In 1864 Syl- 
vester wrote (‘Phil. Trans.,’ p. 
579), “ As all roads are said to lead 
to Borne, so I find, in my own case 
at least, that all algebraical in- 
quiries, sooner or later, end at the 
Capitol of Modern Algebra, over 
whose shining portal is inscribed 
the Theory of Invariants.” About 
the same time (1863) Aronhold de- 
veloped the principal ideas which 
lay at the foundation of the theory 
in organic connection and in com- 
plete generality, hereby domiciling 
in Germany the doctrine which had 
previously owed its development 
mainly to English, French, and 
Italian mathematicians (see Meyer, 
‘Bericht,’ &c., p, 95). The differ- 
ent roads which Sylvester refers to 
can be traced, first, in the love of 
symbolic reasoning of Boole, who 
was “one of the most eminent of 
those who perceived that the sym- 
bols of operation could be separated 
from those of quantity and treated 
as distinct objects of calculation, 
his principal characteristic being 
perfect confidence in any result 
obtained by the treatment of sym- 
bols in accordance with their 


primary laws and conditions, and 
an almost unrivalled skill and 
power in tracing out these results ” 
(Stanley Jevons in article “Boole,” 

‘ Ency. Brit.’) ; secondly, in the 
independent geometrical labours of 
Hesse in Germany (whose mathe- 
matical training combined Plucker’s 
and Jacobi’s teaching) and Ur 
Salmon in Dublin (who, after 
having transplanted Poncelet and 
Chasles to British soil, recog- 
nised the importance of Cayley's 
and Sylvester’s work, and in- 
troduced in the later editions of 
his text -book modern algebraical 
methods) ; thirdly, in the independ- 
ent investigations belonging to the 
theory of numbers of Eisenstein in 
Germany and Hermite in France, 
In full generality the subject was 
taken up and worked out by Syl- 
vester in the ‘ fiarnbridge and 
Dublin Mathematical Journal' 
(1851-54), and by Cayley in the 
first seven memoirs upon Quantics 
(1854-61), which “in their many- 
sidedness, together with the ex- 
haustive treatment of single oases, 
remain to the present day, for the 
algebraist as well as for the geo- 
metrician, a rich source of dis- 
covery” (Meyer, loo. p. 90). 
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modelling of the text-books and school-books of algebra 
and geometry in this country and in Germany, belongs 
undeniably to Dr Salmon of Dublin.^ The conception of 
a form — be this geometrical or algebraic — suggests the 
investigation of the change, the recurrence of forms. 
How do forms under the process of geometrical or 
algebraical manipulation alter or preserve their various 
properties ? The processes of projection j)ractised hj 
Monge, Poncelet, and Ghasles in France had already 
led to a distinction between descriptive and metrical 
properties of geometrical figures. A corresponding ex- 
amination of algebraical forms, which are all capable of 
geometrical representation or interpretation, would lead 
to the extensive and fundamental doctrine of the in- 
variants of these forms — i.e., of such arrangements of 
the elements as remain absolutely or proportionally un- 
altered during the processes of change and combination. 
Notably instead of the geometrical process of projection 
by central perspective we may employ in our algebraic 
formuhe a corresponding process, that which is known as 
linear substitution. And at the time when it was 
recognised that geometrical transformation had its 


^ Of Dr Salmon, whose ‘ Les- 
sons introductorv to the Modern 
Higher Algebra ’ appeared in 1859 
(4th ed,, 1865 ;Jst German ed. by 
Fiedler, 1863), Meyer says; “Be- 
cognising how the special results 
in this domain gradually acquired 
a considerable bulk, we must the 
more gratefully acknowledge the 
work of Salmon — who had already, 
in the direction of algebra as well as 
of geometry, furnished valuable con- 
tributions of his own— in under- 
taking the labour of collecting the 


widely -scattered material in a con- 
cise monograph. For the promulga- 
tion in Germany we have to thank 
Fiedler both for his^ edition of 
Salmon, and for having already 
given an independent introduction 
to the subject, in which especially he 
made Cayley’s applications to pm- 
jective geometry generally access- 
ible. About the same time (1862) 
there appeared likewise an edition 
by Brioachi, which gained many ad- 
herents for the theory of Invariants 
in Italy.” 
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counterpart in the transformation of algebraical forms 
by the processes of substitution, these latter had 
already been extensively studied for their own sakes in 
the theory of algebraical equations, which in the first 
quarter of the century had undergone a great develop- 
ment under the hands of two brilliant mathematical 
talents both lost to science at an early age — the 
Norwegian Abel and the rrenchman Evariste Galois.^ 
Like all algebraical expressions, those termed equa- 
tions were originally invented and commanded attention 


Evariste Galois is held to have 
been one of the greatest mathema- 
tical geniuses of modern times, who, 
if he had lived, might have been a 
rival of Abel : lie was born m 1811, 
and died before he was twenty -one, 
in consequence of a duel. For a 
long time his writings remained un- 
published and unknown, till Liou- 
ville published them in the 11th vol. 
of his ‘tlournal’ (1846) Liouville 
was also the first to recognise the 
importance and absolute correctness 
of Galois’s method, which, when sub- 
mitted to the Academy in the year 
1881, and reported on by Lacroix 
and Poisson, had appeared almost 
unintelligible. On the eve of his 
death Galois addressed a letter to 
his friend Auguste Chevalier, which 
is a unique document in mathema- 
tical literature, forming a kind of 
mathematical testament. He de- 
sires this letter to be published 
in the ‘ Uovue Encyclopddique,’ 
referring . publicly the ‘import- 
ance,” not the “correctness,” of his 
discoveries to the judgment of 
Jacobi and Gauss, and expressing 
'the hope that some persons would 
be found who would take the 
trouble to unravel his hieroglyphics. 
The first attempt to make Galois’s 
ideas ^^enerally accessible is to be 
found in Serret’s ‘ AIgbbre Superi- 
■eure’ (3rd ed., 1866), but it was 


not till after the publication of 
Camille Jordan’s ‘Thdorie des 
Substitutions’ (1870) that the 
short papers of Galois were recog- 
nised as containing the germs and 
beginnings of an entirely novel and 
comprehensive mathematical theory 
— viz., the “Theory of Groups.” 
The relation between the writings 
of Abel and Galois is exliau&tively 
treated in Prof. Sylow’s Paper on 
Abel’s work, contained in the ‘ Me- 
morial 'Volume,’ 1892, p. 24, He 
there says : “ Le mente de Galois 
ne consiste pas essentiellemeut dans 
ses propositions, rnais dans la gcii^r- 
alite fie la methode (j[u’il appliqua. 
O’est son admirable thdoveme fonda- 
mental qui a donnd a la theorie 
des dquatioiis sa forme definitive, 
et d’oh est sortie, en outre, la thdorie 
des groupes gdneraliseo, qui est 
<ruue SI grande importance, on peut 
le dire, pour toutes les branches des 
math4mati(iues, et qui dejti, entre 
les mams de Jorda^, cle Klein, de 
Lie, de Poiiicard et d’autres, a en- 
rxohi la science d’une longue suite 
de ddoouvertes importanteH,” The 
memoirs of Abel and Galois re- 
ferring to the Theory of Equations 
have been conveniently edited, in a 
German translation, by H. Maser, 
1889. See also Cayley’s article on 
“Equation” in the ‘Ency. Brit./ 
§ 32, 
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as instruments or devices for tlie solution of definite 
problems in arithmetic, geometry, and mechanics. The 
solution of the equation — i.e., the expression of the un- 
known quantity in terms of the known quantities — 
served a practical end. Gradually as such solutions be- 
came more and more difficult, owing to the complexity of 
the formula}, the doctrine divided itself into two distinct 
branches, serving two distinct interests. The first, and 
practically the more important one, was to devise methods 
by which in every single case the equations which 
presented themselves could be solved with sufficient 
accuracy or approximation ; this is the doctrine of the 
numerical solution of equations. The other more scien- 
tific branch looked upon equations as algebraical ar- 
rangements of quantities and operations which possessed 
definite properties, and proposed to investigate these 
properties for their own sake. The question arose, 
How many solutions or roots an equation would admit of, 
and whether the expression of the unknown quantity in 
terms of the known quantities was or was not possible 
by using merely such operations as were indicated by 
the equation itself — the common operations and the 
ordinary numbers of arithmetic ? This doctrine of the 
general properties of equations received increasing atten- 
tion as it became empirically known, that equations 
beyond the* fourth degree could not be solved in the 
nrost general form.^ Why could they not be solved, 


^ Since the reaearehes regard- 
ing the solubility of Equations 
have led on, through Galois and 
the Erench analysts, to the same 
line of reasoning as other re- 
searches mentioned before-— viz., 


toward the development of the 
theory of groups — the history of 
the whole subject has aroused 
special interest. The earlier be- 
ginnings and the labours of for- 
gotten analysts have been un- 


415 . 
General 
solution of 
equations. 
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and what were the conditions — i.c., the special proper- 
ties — of an equation which rendered it soluble ? These 
were some of the questions which the great mathe- 
maticians, such as Gauss, Abel, and Galois, placed before 
themselves during the earlier part of the century. There 
are other unsolved problems which the nineteenth cen- 
tury inherited from preceding ones, where the same line 
of reasoning was adopted — Le., where the question was 
similarly reversed. Instead of trying to solve problems 
as yet unsolved, it was proposed to prove their genei-al 
insolubility, and to show the reason of this ; also to 
define the conditions which make a solution possible. 


earthed aud placed in their cor- 
rect historical perspective. Prof. ■ 
Burkhardt of Gottingen, to whom 
we also owe the chapter on tins 
subject in the first volume of the 
‘ Eucyklop«idie,’ &c., contributed in 
the year 1892 a mo.st interesting 
historical paper, “Die Anfhnge der 
Gruppentheorie und Paolo Ruffini ” 
(*Abhandl. zur Gesch. der Math.,’ 

6 Heft). In this paper he also 
goes back to other earlier analysts, 
among them Prof. W'aring of Cam- 
bridge, who during his lifetime used 
to complain that he knew of no one 
who read his mathematical tracts. 

It appears that during nearly the 
last thirty years of the eighteenth 
century nothing had been added re- 
garding the general theory of equa- 
tions, and that Ruffini was the fir.st 
to begin a new epoch in the year 
1799, with the distinct assertion that 
a general solution of algebraic equa- 
tions beyond the fourth degree, by 
means of radicals, was impossible, 
and with an attempt to prove this. 
His researche.s were therefore con- 
temporaneous with those of Gauss, 
who published his ‘Dissertation’ 
(see note p. 644) in the same year, 
and his great arithmetical work 


m 1801. Although Gauss seems 
to have arrived at the same con- 
clusion, and perhaps even to have 
anticipated much later attempts to 
solve thegeneral equation of the fifth 
degree by other than algebraical 
operations (see Sylow, loc, cit^ p. 
16), his published researches rather 
took the line of the study of a 
definite class of soluble equations 
which were connected with the 
celebrated problem of the divi.sion 
of the circle j a .satisfactory proof of 
Ruffini’s statement being withheld 
till Abel published his celebrated 
memoir in the year 1825 in the first 
volume of Orelle’s ‘Journal.* With 
this memoir the theory of equations 
entered a new phase, towards 
which the labours of Ruffini were 
preparatory. As in so many other 
cases, so also in lihis, the .solu- 
tion of the problem depended upon 
stricter definitions of what was 
meant by the solution of an equa- 
tion, and by “algebraical” and 
other (“transcendental”) functions 
and operations. We know that 
both Abel and Galois began their 
research by futile attempts to find 
a solution of the general equation 
of the fifth degree. 
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In following this altered course of investigation, an 
enormous amount of mathematical knowledge was gained, 
and problems were solved which had previously never 
been thought of. Especially through the theory of equa- 
tions the abstract doctrine of algebraical forms was 
created and greatly advanced long before it was gener- 
ally recognised that it had peculiar importance through 
the correspondence or parallelism which existed be- 
tween algebraical expressions and geometrical con- 
figurations. 

Out of these earlier algebraical and later combined al- 
gebraical and geometrical investigations, a novel and very 
useful point of view has been gradually gained which 
represents the most general conception of mathematical 
tactics. This centres in the notion of a group of ele- 
ments. These elements may be quantities or opera- 
tions, so that the theory of Groups embraces not only 
the doctrines which deal with quantities but also those 
which deal with arrangements and their possible changes. 
The older combinatorial analysis dealt mainly with 
assemblages of a quantity of separate elements, their 
number, their variety: the modern theory of groups 
deals rather with the processes and operations by which 
diflerent arrangements can be transformed one into the 
other. It is an algebra of operations. The methods 
of transforluation which presented themselves first of 
all were the methods known in algebra as substitution. 
Accordingly the first comprehensive treatise on the 
theory was the ‘ Treatise on Substitutions/ published in 
1870 by M. Camille Jordan, This book forms a land- 
mark in modern mathematics ; it brought into a system 

VOL. II. 2 X 
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the beginnings of the new and comprehensive calculus 
•of operations which were contained in the writings of 
Lagrange, Abel, Cauchy, and Galois, and established the 
terminology and the algorithm. A group of substitu- 
tions is defined as having the property that each two or 
more operations belonging to it and successively applied 
■can be replaced by another single operation contained in 
the same group. Succeeding operations are symbolically 
represented by the j)roduct of two or more letters. This 
product has certain algebraical properties, and in analogy 
with common products it has factors, a degree, an index ; 
the substitution may be cyclical and symmetric, and may 
have many other remarkable properties which tiie theory^ 

^ The “Theory of Groups’' has Betrachtuiigeii uhcr ueuere geo- 
now grown into a very extensive metrische Furschuiigen.” To those 
doctrine which, according to the late who read and le-ieacl this short 
Prof. Marius Sophus Lie (1842-99), but weighty treatise, it must in- 
is destined to occupy a leading and deed have been like a revelation, 
central position in the mathemati- opening out entirely new avenues 
cal science of the future. “The of thought into which mathematical 
conception of Group and Invariant research has been more and more 
was for him not only a methodical guided during the last generation, 
aspect from which he intended to The tract, which has now been 
review the entire older region of translated into all the important 
mathematics, but also the element modern languages, remained for a 
which was destined to permeate long time comparatively unnoticed, 
and unify the whole of mathemati- and, twenty years after its puUica- 
cal science” (M. Nbther, ‘Math, tion, was reprinted by the author 
Ann.j’vol. Hii.p, 39), But though it in the 48rd volume of the ‘Math, 
is an undoubted fact that the largest Annalen,’ with some introductory 
systematic works on the subject remarks which indicate the changes 
emanate from that great Norwegian that had taken place in the in- 
mathematician, and that his ideas terval as regards tlic scope of the 
have won gradual recognition, idea. The main result of the dis- 
especially on the part of prominent sertation is this : That, primarily, 
French mathematicians, notably for all geometrical inveKtigations, 
M. Picard (‘ Traitd d’ Analyse,’ the characteristic properties of any 
1896, vol. iii.) and M. Poincard, manifold (or arrangement) is not 
the epoch * making tract which the element out of which it is corn- 
pushed the novel conception into posed, but the group, the transfor- 
the foreground was Prof. F. mations of which revealitsinvarian- 
Klein’s ‘ Erlangen Programme ’ tive properties. There are, accord- 
(1872), entitled “ Vergleiohende ingly, as many diferent ways of 
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of groups investigates. Its immediate application, and 
the purpose for which it was elaborated, was the theory 
of Equations. Every equation constitutes an arrange- 
ment in which a finite number of independent elements, 
called constants or coefficients, is presented under a 
certain algebraical form. The solution of the equation 
means the finding of such an arrangement as when 
substituted in the equation for the unknown quantity, 
will satisfy the equation. 

The conception of a group of operations standing in 
the defined relations is, however, capable of a great 
and fundamental extension into that region of mathe- 
matics which deals, not with fixed or constant, but with 
variable or flowing quantities; not with elements which 45. 

T T T . 1 * 1 t Oolitiimo 

are disconnected or discontinuous, but with such as are and dis- 

continuous 

continuous. To understand the development of modern 
mathematical thought, it is accordingly necessary to go 
back somewhat and review the progress which the 


studying any manifold (e.y., such as 
projective geometry, line geometry, 
geometry of reciprocal radii, Lie^s 
spheie geometry, analysis situs, 
&c.) as there are continuous groups 
of transformations that can he 
established ; and there are as many 
invariant theories (see ‘ Ency. Math. 
Wiss./vol. ii.p, 402; Ndtherj^oc. 
p. 22). Prom |hat date onward the 
-different kinds of groups have been 
defined and systematically studied, 
notably by Klein and Lie and their 
pupils. In this country, although 
many of the relevant ideas were 
contained in the writings notably 
of Cayley and of Sylvester, the 
systematic treatment of the subject 
was little attended to before the 
publication (1897) of Prof. Burn- 


side’s * Theory of Groups of Finite 
Order,’ and latterly of his article 
on the whole Theory of Groups in 
the 29th volume of the *Ency. Brit. ’ 
It has been remarked by those who 
have studied most profoundly the 
development of the two great 
branches of mathematical tactics 
— viz., “ The Theory of Invariants ” 
and the “ Theory of Groups ” — that 
the progress of science would have 
been more rapid if the English 
school had taken more notice of the 
general comprehensive treatment 
by Lie, and if Lie himself had not 
refrained from entering more fully 
into the special theories of that 
school (see Dr F. Meyer, ‘ Bericht,’ 
&c., p. 231). 
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conception of the variable ^ has undergone in the course 
of the last hundred years. Here we come upon a 
term which was introduced into mathematical language 
mainly through the writings of Euler — the term 
function. It is used to denote the mathematical 
dependence of two or more variable quantities on each 


^ To the theory of equations in 
algebra there corresponds the 
theory of differential equations in 
analysis ; and as the theory of 
algebraical equations had gradually 
emerged in a complete form out of 
investigations of special equations, 
or sets of equations, so likewise in 
analysis a general theory of differ- 
ential equations is gradually being 
evolved out of the scattered and 
very extensive investigations of 
special differential equations which 
presented themselves notably in 
the application of analysis to astro- 
nomical and pliysical problems. It 
is claimed by those who have 
grasped the abstract ideas of 
Sophus Lie, that he has taken a 
great step forward in the direction 
of a general theory of differential 
equations, by applying methods 
which suggested themselves to him 
through the general theory of alge- 
braic forms and its connection with 
geometry. Accordingly, the the- 
ories of Lie can be termed an 
algebraical theory of differential 
etiuatioiis, depending upon trans- 
formations analogous to those 
which had been established in the 
general theory of forms or quantities 
of which I treated above, l^rof. 
Engel, in his obituary notice of 
Sophus Lie (‘Deutsche Math. Ver.,’ 
vol. viii. p. 35), tells us that in the 
year 1869-70, when Lie met Prof. 
Klein in Berlin, the former was 
occupied with certain partial differ- 
ential equations which exhibited, 
under certain transformations, in- 
varianbive properties, and that Klein 


then pointed out “that his pro- 
cedure had a certain analogy v ith 
the methods of Abel. The sug- 
gestion of this analogy became im- 
portant for Lie, as he was genet ally 
intent upon following up more 
closely the analogies with the 
theory uf algebraical e(piation'».” 
Dr H. F. Baker, in his recent article 
on Differential Equations in the 
‘Eucy. Brit.’ (vol. xxvii. p. 448), 
roughly distinguishes two methods 
of studying differential equations, 
which he names respectively 
“ transformation thcoricrt ” and 
“function theories,” “the former 
concerned to reduce the algebraical 
relation to the fewest and simplest 
forms, eventually with the hope of 
obtaining explicit expressions of 
the dependent in terms of the 
independent variables j the latter 
concerned to determine what gen- 
eral descriptive relations among 
the quantities are involved by the 
differential equations, with us little 
use of algebraical calculations as 
may be possible.” For the history 
of thought and connection of ideas, 
it is interesting to learn, through 
Prof. Engel, that it was not purely 
algebraical work, — s^ch as is rep- 
resented by Galois and Jordan, 
to which Lie was early intro- 
duced by Prof. Sylow, — but the 
study of Poncelet’s and Piuckeris 
methods which led Lie to his 
original conceptions, and that he 
was fond of calling himself a pupil 
of Plucker, whom he had never 
seen (Engel, loo, oiL^ p. 34), 
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other. The question arises. What are we to under- 
stand under this term? What is a mathematical 
function or dependence ? The question was approached 
by the great analysts of the second half of the 
eighteenth century. A preliminary answer which served 
the requirements of a very wide field of practical 
application was given by Fourier at the beginning of 
the nineteenth century. Since that time the question 
has been independently treated by two schools of 
Continental mathematicians. Of these the first was 
founded by Cauchy in France, and is mainly represented 
by Bernhard Ifiemann and his numerous pupils in 
Germany ; the other centres in the Berlin school, 
headed by Weierstrass, and goes back to the work 
of Lagrange. 

The interests which have led to this modern branch _ 46 . 

Theoiy of 

of mathematical research ^ are various, but we can 

The literature suitable for intrq- heim. Cayley's article introduces 
ducing the student of mathenaatics the general theory after giving 
to the modern theory of functions a short summary of the more 
—which plays in analysis, <2., the important known" functions, 
doctrine of variable (Quantity, a inciuding those which presented 
part of similar importance to tliat themselves in the first half of 
which the theoiy of forms plays in the nineteenth century, and which 
algebra — is so enormous, the sub- I referred to in dealing with 
ject being approached from so the work of Abel and Gauss (see 
many sides by difierent writers, note, p. 648). The treatment of 
that it seems worth while to refer these latter functions, which had 
to two expositions which may be been brought to a certain degree of 
read with profit, and which do perfection by Jacobi, had made it 
not require extensive mathematical evident that more general aspects 
knowledge. First and foremost I had to bo gained and broader 
would recommend Cayley’s tarticle foundations laid. But ever since 
on “ Functions " iu vol ix. of the the middle of the eighteenth 
‘Eucy, Brit.’ Then there is the century another development of 
chapter on “ Foundations of the mathematical ideas had been st>ing 
General Theory of Functions,” con- on which started from the solu- 
tainecl in the 2nd volume of the tion of a problem in mathematical 
German ‘ Mathematical Encyclo- physics-— namely, that of vibrating 
petlia,’ written by Prof, Prings- strings, which led in the sequel to 
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distinguish two which are very prominent, and are 
roughly represented by the two schools just referred 
to. In the first place, a function can be formally 
defined as an assemblage of mathematical symbols, 
each of which denotes a definite operation on one 
or more quantities. These operations are partly direct, 
like addition, multiplication, &e. ; partly indirect or 
inverse, like subtraction, division, &c. Now, so far 


as the latter are concerned, they are not generally and 
necessarily practicable, and the question arises, When 
are they practicable, and if they are not, what mean- 
ing can we connect with the mathematical symbol ? 
In this way we arrive at definitions for mathematical 
hinctions which cannot immediately be reduced to the 
primary operations of arithmetic, but which form special 
expressions that become objects of research as to their 
properties and as to the relation they bear to those 
fundamental operations upon which all our methods of 
calculation depend. The inverse operations, represented 
by negative, irrational, and imaginary quantities ; further, 
the operations of integration in its definition as the 


a certain finality when Fourier 
introduced bi« well-known aeries 
and integrals, by which any kind 
of functionality or mathematical 
dependence, such as physical pro- 
cesses seem to indicate, could be 
expressed. The work of Fourier, 
which thus gave, as it were, a sort 
of preliminary specification under 
which a large number of problems 
in physical mathematics could be 
attacked and practically solved, 
together with the stricter defini- 
tions introduced by Uejeune Bir- 
ichlet, settled for a time and for 
practical purposes the lengthy dis- 
cussions which had begun with 


Euler, Daniel Bernoulli, d’Alem- 
bert, and Lagrange. The above- 
named chapter, written by Prof. 
Pringsheim, gives an introduction 
to the subject showing the historical 
genesis of the conception of function 
and the various changes it was sub- 
jected to, and then proceeds to 
expositions and definitions mostly 
taken from the lectures of VVeier- 
strasB (see p. 8), wdierean Cayley’s 
article introduces us to the elements 
of the general theory of functions 
as they were first laid down by 
Eiem'ann in the manner now com- 
monly accepted. 
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inverse of differentiation, — led early to investigations of 
the kind just mentioned. The experience that ordinary 
fractions might be expressed by decimal fractions — 
by finite or infinite series — led to the inverse problem 
of finding the sum of such series and many other 
answerable and apparently unanswerable prolfiems. The 
older method of research consisted in treating these 
problems when and as they arose: new chapters were 
accordingly added to the existing chapters of the 
text-books, dealing with special functions or mathe- 
matical expressions. It was only towards the end of 
the eighteenth century, and at the beginning of the 
nineteenth, tliat Lagrange, Gauss, and Cauchy felt and 
proclaimed the necessity of attacking the question gener- 
ally and systematically; the labours of Euler having 
accumulated an enormous mass of analytical knowledge, 
a great array of useful fonnute, and amongst them not 
a few paradoxes which demanded special attention. I 
have already had occasion to refer to the problem of 
the general solution of equations as an instance where, 
in the hands of Abel, the tentative and highly ingenious 
attempts of earlier analysts were replaced by a method- 
ical and general treatment of the whole question. 
Another chapter of higher mathematics, the investiga- 
tion of expressions which presented themselves in the 
problems ot finding the length of the arc of an ellipse, 
and which opened the view into the large province of the 
so-called higher transcendents, gave Abel further occasion 
of laying new foundations and of creating a general 
theory of equations or of forms. 

Lut yet another interest operated pow’-erfully in the 
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47 . 

Physical 

analogies. 


direction of promoting these seemingly abstract re- 
searches. Nature herself exhibits to us measurable 
and observable quantities in definite mathematical de- 
pendence ; ^ the conception of a function is suggested by 
all the processes of nature where we observe natural 
phenomena varying according to distance or to time. 


^ Nearly all the “known” func- 
tions have presented themselves m 
the attempt to solve geometrical, 
mechanical, or physical problems, 
sucli as finding the length of the 
arc of the ellipse (elliptic func- 
tions) ; or answering questions in 
the theory of attraction (the poten- 
tial function and other functions, 
such as the functions of Legendre, 
La)ilace, and TSessel, all comprised 
under the general term of “har- 
monic functions *0* These func- 
tions, being of special import- 
ance in mathematical physics, were 
treated independently before a 
general theory of functions was 
thought of. Many important pro- 
perties were established, and 
methods for the numerical evalu- 
ation were devised. In the course 
of these researches other functions 
occurred, such as Euler’s “Gam- 
ma ’’ function and Jacobi’s “ Theta ” 
function, which possessed interest- 
ing analytical properties. These 
functions, suggested directly or 
indirectly by applications of analy- 
sis, did not always present them- 
selves in a form which indicated 
definite analytical processes, such 
as processes of integration or the 
summation of series. Very fre* 
(iuently they presented ihemselves, 
not in an “explicit'* but in an 
“ implicit ’* form ; their properties 
being expressed by certain condi- 
tions which they had to fulfil. It 
then remained a question whether 
a definite symbol, indicating a 
set of analytical operations, could 
be found. This arisk from the 


fact that the solution of most prob- 
lems in mechanics and physics 
starts from the assumption that, 
though the finite observable pheno- 
mena of nature are extremely in- 
tricate, they are, nevertheless, 
compounded out of comparatively 
simple elementary processes, which 
take place between the discrete 
atoms, or the elementary but con- 
tinuous portions of matter. Matlie- 
nmiically expressed, this means that 
the relations in tiuestion piv-ent 
themselves m the form of cUtferen- 
tial o(iualioii.y, and that the solution 
of them consists in finding func- 
tions of finite (observable) (quanti- 
ties which satisfy the special con- 
ditions. A comparatively small 
number of difierential e(|uations 
has thus been found empirically 
to embrace very large and appar- 
ently widely separated clas.sc.-, of 
physical phenomena, suggesting 
physical relations between those 
phenomena which might otherwise 
have remained unnoticed. The 
physicist or astronomer thus hands 
over his problems to the mathe- 
matician, who has either to in- 
tegrate the dififerential equations, 
or, where this is init possible, at 
least to infer the properties of the 
functions which would satisfy them 
— in fact, the differential equation 
becomeH a definition of the function 
or mathematical relation. In con- 
sequence of this the theory of 
differential equations is, as Sophus 
Li© has said, by far the most 
important branch of mathematics. 
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The attraction of the heavenly bodies varies with the 
distance, the velocity of a falling stone or the cooling 
of a hot body varies with the interval of time which 
has lapsed or flown. We are now so much accus- 
tomed to represent such dependence by curves drawn on 
paper, that we hardly realise the great step in advance 
towards definiteness and intelligibility that this device 
marks in all natural sciences and in many practical 
pursuits. But the representation of the natural con- 
nections of varying quantities by curves also forms the 
connecting link with the other class of researches just 
mentioned. Descartes had shown how to repiesent 
algebraical formulae by curves in the plane and in s])ace ; 
and at the beginning of the nineteenth century this 
method was modified by Gauss and Cauchy so as to 
deal also with the extended conception of number 
which embraced the imaginary unit. Two questions 
arise, Is it possible to represent every arbitrary de- 
pendence such as we meet with in the graphical descrip- 
tion of natural phenomena by a mathematical formula — 
i.e., by a formula denoting several specified mathematical 
operations in well-defined connections ? and the inverse 
question, Is it possible to represent every well-defined 
arrangement of symbols denoting special mathematical 
operations graphically by curves in the plane or in 
space ^ TSo former question is one of vital importance 
in the progress of astronomy, physics, chemistiy, and 
many (jther sciences, and has accordingly occupied many 
eminent analysts ever since Fourier gave the first ap- 
proximative answer in his well-known series : the latter 
question can only be answered by much stricter defini- 
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The 

potential. 


tions of all the more advaneed and of some even of the 
elementary operations which analysts had become accus- 
tomed to use without a previous knowledge of the range 
of their validity. All applications of mathematics con- 
sist in extending the enipiricial knowledge which we 
possess of a limited number or region of accessible 
phenomena into the region of the unknown and inac- 
cessible ; and much of the progress of pure analysis con- 
sists in inventing definite conceptions, marked by symbols, 
of complicated operations ; in ascertaining their proper- 
ties as independent objects of research ; and in extending 
their meaning beyond the limits they were originally 
invented for, — thus opening out new and larger regions 
of thought. 

A brilliant and most suggestive example of this kind of 
reasoning was afforded by a novel mode of treating a large 
class of physical problems by means of the introduction of 
a special mathematical function, termed by George Green, 
and later by Gauss, the “ Potential ” or “ Potential func- 
tion.” ^ All the problems of Newtonian attraction were 
concentrated in the study of this formula : and when the 
experiments of Coulomb and Ampere showed the analogy 
that existed between electric and magnetic forces on the 


^ See vol. i. p, of this work. 
The history of the subject has beeu 
writtem by Todhunter (‘ History of 
the Theories of Attraction and the 
Figure of the Earth/ 2 vols., 1873) 
for the earlier x>eriod down to 1832. 
For the later period see Bacharach's 
‘ Abriss der Crescliiohte der , Foten- 
tialtheorie,* Gottingen, 1883; for 
the connection of tho theory with 
Eiemann^s mathematical methods, 
especially Prof, F. Klein’s tract, 
^ Ueber Biemann’s Theorie der 


algebraischeu Functionen ’ (LeijiKig,. 
1882, trans. by F. Hardcastle, 
Cambridge, 1893); Carl Neu- 
mann ’b ‘ Untersucliungen uber das 
Logarithmische und Newtonische 
Potential' (Leipssig, 1877); Dr 
Burkhardt's * Memorial Lecture on 
Biemann’ (Gottingen, 1892) ; and 
jointly with Dr Frana Meyer, the 
same author’s chapter on “Poten- 
tialtheorie in the 2nd volume 
(p, 464) of the ‘ EncyclopUdie der 
Math* Wiss.,^ 1900. 
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one side, and Newtonian forces on the other ; still more 
when Fourier, Lame, and Thomson (Lord Kelvin) pointed 
to the further analogy which existed between the distri- 
bution of temperature in the stationary flow of heat 
and that of statical electricity on a conductor, and ex- 
tended the analogy to hydrostatics and hydrodynamics, 
— it became evident that nature herself pointed here 
to a mathematical dependence of the highest interest 
and value. Many eminent thinkers devoted themselves 
to the study of this subject, but it was reserved for 
Bernhard Eiemann to generalise the mode of reasoning 
peculiar to these researches into a fundamentally novel 
method for the explanation and definition of mathe- 
matical function or dependence.^ 


^ Although Riemanii’s oiiginal 
method of dealing in a general way 
with algebraical lunctioos i.s here 
introduced as a generalisation of 
certain ideas suggested by mathe- 
matical physics, it was not in this 
way that they w'ere introduced to 
the mathematical world. This was 
done ii i his very abstract and difficult 
memoir, ‘ Theorie dor AbeTschen 
Punctionen ’ (published in 1857 
ill vol liv, of Crelle’s ‘Journal’). 
In this memoir the connection 
which existed with mathematical 
physics was not patent, and it 
took a long time before his 
methods, which seemed to he a 
development of Cauchy's earlier 
researchch, we^e understood and 
fully appreciated, It was only 
after he had lectured repeatedly on 
the subject, and initiated a num- 
ber of younger mathematicians, 
who now occupy many of the chairs 
at the German universities, that 
the discoveries and inventions of 
Kiemann received their deserved 
appreciation. Even in his own 
lectures on mathematical physics— 


notably on partial differential 
equations (including harmonics)- 
and the theory of the potential — 
he did not lead up to the funda- 
mental ideas which he developed 
in his lectures on the theory of 
the Abelian functions. Some light 
is thrown on the subject of the 
genesis of Kiemann's ideas by his 
dissertation written in the year 
1851, though even the biographical 
notice attached to the 1st edition 
of hia works pS76) did not deal 
with the origins of his theory. 
It seems, therefore, correct to 
date the adequate recognition of 
Biemann’s work inlwider circles from 
the publication in 1882 of Prof, 
P. Klein’s tract mentioned above. 
Like several other short treatises 
of this eminent living mathema- 
tician, it must have thrown quite 
a new light upon the subject ; 
and, like several of his other writ- 
ings, it revealed connections be- 
tween regions of thought which to 
many students must have appeared 
isolated. “ Thn)ugh the treatment 
initiated by Klein, the theoiy of 
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49 . 

Bicmaiin. 


The peculiarity of such depeudence, as exemplified in 
the phenomena of the steady flow of heat or of electric 
distribution, consisted in this, that if at certain points 
or in certain regions of space the thermal or electrical 
conditions were defined and known by actual observation, 
then the whole distribution in other points and regions 
was completely determined. Those boundary conditions 
could therefore be regarded as the necessary and sufficient 
definition of the whole existing distri])ution. Translated 
into mathematical language, this means that functions 
exist which are completely defined by boundary values 
and singularities — i,c,, values at single points. Nature 
herself had shown the way to define and cahmlate 
measured relations when through their intiicacy they 
evaded the grasp of the ordinary operations of algebra.^ 
Thicker had already in geometry (following in the lines 
of Newton), when attacking the problem of the infinite 
variety of higher curves, suggested tlie method of classi- 
fying them according to their characteristic properties 
or singularities. What had been done by geometers 
and physicists in isolated cases with the expenditure 
of much ingenuity and skill, Itiemann and his school 
elevated to the rank of a general method and doctrine. 


functions acquires a great tiegreo I 
of clearnesM and ecmnectediicHs, 
which is mainly gained by concep- 
tions derived from the (jjhysicai) 
theory of the potential, mid thus 
-exhibits the intimate relationship 
of these theories ” (Bacharach, 
*Geschichte der Potentialbheorie,’ 
Gottingen, 18S3, p. 71). 

^ On this subject see Burkhardt’s 
‘Memorial Lecture on Itiemann* 
(Gottingen, 1892), p. 6. &c, ; Bach- 
arach (/oa p, 80, &c. The 
latter especially with reference to 


the theorem called by Clerk-Maxwell 
“ Thomson’s theorer^i (‘Cambridge 
and Dublin Matheniatical Journal,’ 
1848, or *lieprint of Papers on 
Electro - statics,^ &c., p. 139} ; and 
abroad ‘ Dirichlet’s Principle,’ after 
Jiiemann (1857). Further, Brill 
and Nother’s “Bericht” (‘Math. 
Ver.,’ vol. iii. p, 247) ; and lastly, 
a very suggestive address by Prof. 
Klein (“On lUemann’a Induence on 
Modern Mathematics”) to the meet- 
ing of the German Association in 
Yieuua in 1804 (‘ Report,’ p. 61). 
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It is a process of generalisation and simplification. 
Moreover, Eiemann’s manner of proceeding brought 
with it the gain that he could at once make the 
various theorems of the doctrine of the potential useful 
for purely mathematical purposes : the equation which 
defined the potential in physics became the definition 
of a function in mathematics.^ 


^ “ One may define Kiemann’a 
developments briefly thus ; that, 
beginning with certain differential 
equations which the functions of 
the complex variable satisfy, he is 
enabled to api»ly the jirinciples of 
the potential theory. His start- 
ing-point, accordingly, lies in the 
lirovince of mathematical physics ” 
(Klein, ‘Vienna Report,’ loc. cU., 
p. 60). By starting with physical 
analogies Prof. Klein evades certain 
difliculties which the purely mathe- 
matical treatinont had to encounter. 
In the preface to his tract of the 
year 1882, quoted above, — in intro- 
ducing his method of explaining 
Riemann’s theory,— he says; “X 
have not hesitated to make exactly 
those jiliysical conceptions thestart- 
nig- point of my exposition. In- 
stead of them, Riemannu, as is well 
known, makes use in his writ- 
ings of Dirichlet’s principle. But 
1 cannot doubt that he started 
from those physical problems, and 
only afterwards substituted Dirich- 
Ict’s principle in order to support 
the physical evidence by mathe- 
matical reasoning. W^'hoever under- 
stands clearly* the surroundings 
among which Riemann worked at 
(Jdttingen, ’whoever follows up Rie- 
mann's speculations as they have 
been handed down to us, partly 
in fragments, will, I think, share 
my opinion.” And elsewhere he 
says: “ \Ve regard as a specific 
{Mn-formance of Hiemann in this 
eonncHaiou the tendency to give 
to the theory of the potential a 
fundamental importance for the 


whole of mathematics, and further 
a series of geometrical cons true - 
I tions or, as I would rather say, of 
geometrical inventions” (‘Vienna 
Report,’ p. 61). Klein then ref era- 
to the representation on the so- 
called “ Riemann surface,” which 
is historically connected, as Rie- 
niann himself points out, with the 
problem which Gauss first attacked 
in a general way — viz., the repre- 
sentation of one surface on another 
in such a manner that the smallest 
portions of the one surface are 
similar to those of the other ; a 
problem which is of importance in 
the drawing of maps, and of which 
we possess two well-known examples 
in the stereographic projection of 
Ptolemy and the projection of 
Mercator. Thin method of repre- 
sentation was called by Gauss the 
“ Conformal Image or Representa- 
tion.” His investigations on this 
matter were suggested by the 
Geodetic Survey of the kingdom of 
Hanover, with which he was occu- 
pied during the years 1818 to 1830. 
(See Gauss, ‘ Werke,’ vol. iv., tdso 
his correspondence with Schum- 
acher and Bessel) A very complete 
treatise on this aspect of Riem aim’s 
inventions is that by Dr J. Holtz- 
muller, ‘ Theorio der Isogonalen 
Verwandschafteu ’ (Leipzig, 1882).^ 
On the historical antecedents of 
Kiemann’s conception, which for 
! a long time appeared somewhat 
strange, not to say artificial, see 
I Bnll and Nother’s freiiucntiy 
quoted “RiOport” (‘Berioht der 
, Math. Yerein.,’ vol iil), p. 206 sr//. 
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111 the investigation of those higher functions which 
the purely analytical methods of Abel and his followers 
had forced upon the attention of mathematicians, the 
methods of Eiemann proved to be eminently useful and 
suggestive. But these novel methods themselves had 
been imported into the pure science from the side of its 
application in physics. The value of such ideas has 
always been questioned by another class of thinkers who 
aim at building up the edifice of the science by rigorous 
logic, without making use of practical devices which could 
only be legitimately employed when once their validity 
had been thoroughly proved and its limits defined. The 
merit of having done this in the whole domain of those 
conceptions which, since the age of Descartes, Newton, 
and Leibnk, had been introduced as it were from the 
outside into analysis, belongs to the school of mathe- 
maticians headed in Germany by Karl Weierstrass. 

60 Eiemann had grown up in the traditions of the school 
of mathematical thought which was inspired by Gauss 
and Weber in Gottingen. Geometrical representation 
and physical application, including the immediate evi- 
dence of the senses, formed a large and important factor 
in the body of arguments by which scientific discovery 
and invention vras carried on in that school: though 
Gauss himself made logical rigour the final test of 
maturity in all ’his published writings, abstaining in 
many cases from communicating his results when they 
had not satisfactorily passed that test in his own mind. 
Through this self-imposed restriction he had permitted 
important discoveries, which led to large increase df 
mathematical knowledge, to be anticipated by others. 
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The cases of Cauchy, Abel, and Jacobi are the best- 
known instances. Through their labours an entirely 
new field had been prospected and partially cultivated. 
It was to this that Weierstrass, the other great leader 
in modern theory, was atti^acted. He made the clear 
•definition and logical coherence of the novel concep- 
tions which it involved his principal aim. Gauss 
had laboured without assistance at similar problems, 
making many beginnings which even his colossal intellect 
could not adequately develop. Weierstrass early gathered 
around him a circle of ardent and receptive pupils and 
admirers/ to whose care and detailed elaboration he 


‘ The researches of Weierstrass 
(1815 to 1897) began somewhat 
curlier than those of Riemann, but 
only l)ccauie generally known and 
urpreciated iu their fundamental 
originality through his pupils — his 
aeadeiiiic iniiuence dating from 
the year 1861. Some account of 
V'’eierstrass’s activity is given by 
Emil Lampe in the 6th volume 
(1899) of the ‘ Bericht der Math. 
Verein.,’ p. 27, &c. The genesis 
of liiK ideas is traced by Brill 
and Ndther in the lleport tiuoted 
in the lust note, and by M. 
Poincare in * Acta Math.,’ vol. xxii. 
The former <Uvides his UeHearches 
roughly into two periods, during 
the first of which (1848-56) he 
<lealt with what Cayley would 
call “kimwn” functions; progress 
during this period depending not 
HO much upon* fundamentally new 
ideas as upon an investigation of 
special problems and great analyti- 
cal skill. The second period begins 
in the yo/tr 1869, and is devotetl to 
nothing less than the building up 
of the entire structure of mathe- 
matical thought from tlie very 
beginning upon altered definitions, 
through which the dilemmas and 


paradoxes would he obviated that 
had shown themselves ever since 
the middle of the eighteenth cen- 
tury in consetiuence of a too 
confident application and extension 
of conventional ideas suggested 
mainly by practical problems. The 
elements of this grand edifice are 
now largely accepted, not only in 
Germany, but also in Prance, Italy, 
and England. In Germany Prof. 
0 StolK, through his works on 
General Arithmetic, 2 vols. (1885 
and 1886), and the CJalculus, 3 vols. 
(1893 to 1899), has probably done 
more than any other academic 
teacher to utilise the new system 
of mathematical thought for the 
elementary course of teaching. It 
seems of iuiportance to state, how- 
ever, that outside of the circle of 
WeierstniRs’s influence, and quite 
within the precincts of Kiemann's 
HcliOfd, the necessity ■was felt of 
sti'cngthening the foundations on 
%vhic;h research in higher mathe- 
matics was carried on, by going 
back to the fundamental ideas of 
arithmetic. The principal repre- 
sentative of this line of research 
was Hermann Hankel (1839-73), a 
pupil of Kiemann’s, who, in the 
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confided many separate and lengthy investigations. It 
was through one of these that a test-case, in which exist- 
ing mathematical definitions broke down, was published 
in 1872. It forms a kind of era in the history of 


middle of the sixties, delivered 
lectures at the University of 
Leipsic upon “Complex numbers 
and their functions,’* starting in a 
characteristic manner with that ex- 
tended algebra which Cauchy and 
Riemann had used to such good 
purpose. The first part of these 
lectures was published in 1867. 
In the preface Hankel says : “In 
the natural sciences we witness in 
recent times the distinct tendency 
to ascend from the world of em- 
pirical detail to the great principles 
which govern everything special and 
connect it into a whole — f.c., the 
desire for a philosophy of nature, 
not forced upon us from outside, 
but naturally evolved out of the 
subject itself. Also iu the domain 
of mathematics a similar want 
seems to make itself generally felt 
— a Avant which has always been 
alive in England.” Had the author 
not been prematurely taken away, 
there is no doubt that he would 
have still more largely contributed 
to the revolution of mathematical 
ideas now in progress. As it 
is, he made one further import- 
ant contribution, of which more 
hereafter, In Italy Prof. Ulisse 
Bini began to lecture in the year 
1871 to 1872 on the theory of 
functions, and published his lec- 
tures in 1878. A translation was 
brought out in Germany (1892) by 
Prof. Luroth and Mr A. Schepp, 
in which many of the modern 
developments are utilised. In 
France we owe to M. Jules Tannery 
a valuable introduction to the 
theory of functions of one variable, 
based upon a serifs of lectures 
delivered in the Ecole Normale 
in 1888, in which, as he says 


(Preface, p. vii), he collected 
the labours of Cauchy, Abel, Le- 
jeune Dirichlet, Riemann, Ossian 
Bonnet, Heme, Weierstrass, and 
others j after which he considers 
that nothing essential need be 
added in the way of elucidation of 
the , foundations of the theory. 
M. Emil Borel published in 1898 
‘ Lectures on the Theory of Func- 
tions,’ the first of a series of 
text -books dealing with various 
aspects of the theory of functions, 
in which he largely refers to the 
labours of Weierstrass. Before 
Weierstrass’s theory had become 
known, however, M. M^ray had al- 
ready entered upon an exposition 
of the foundations of analysis on 
lines which had much analogy with 
those adopted by Weierstrass. In 
England the late Prof. Clifford had 
occupied himself in various memoirs 
with the theories of Riemann ; but 
we owe the first comprehensive 
treatise, embracing the work of 
Riemann as well as that of Weier- 
atrass, to Prof. Forsyth (‘Theory 
of Functions of a Complex Vari- 
able,’ Cambridge, 1893). Almost 
simultaneously Professors Harkness 
and Morley published a ‘Treatise 
on the Theory of Functions,’ and 
in 1898 an • Introduction to the 
Theory of Analytic Functions,’ in 
which they in the adopted the 
point of view of Weierstrass, A 
very original thinker, whose in- 
dependent researches reach back to 
the year 1872, and who played an 
important part in the investigation 
of many obscure points, was the 
late Prof. Paul Du Bois-Reymondj 
who published in 1882 the first 
part of bis ‘ Allgemeine Func- 
tionentheorie,’ containing the. 
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luatheinatical thought. Up to that time o^'^ould 
have said that a continuous function is essentialHv^^ 


able of being represented by a curve, and that a curve 
has always a tangent. Such reasoning has no mathe- 
matical value whatever, it is founded on intuition, or 
rather on a visible representation. But such representa- 
tion is crude and misleading. We think we can figure 
to ourselves a curve without thickness; but we only 
figure a stroke of small thickness. In like manner we 
see the tangent as a straight band of small thickness, 
and when we say that it touches the curve, we wish 
merely to say that these two bands coincide without 
crossing. If that is what we call a curve and a tangent, 
it is clear that every curve has a tangent ; but this has 
nothing to do with the theory of functions. We see to 
what error we are led by a foolish confidence in what 
we lake to be visual evidence. By the discovery of this 
striking example Weierstrass has accordingly given us a 
useful reminder, and has taught us better to appreciate 
the faultless and purely arithmetical methods with which 
he more than any one has enriched our science.” ^ 


“ metaphysics and theory of the 
fundamental conceptions in mathe- 
matics : quantity, limit, argument, | 
and function ” (Tubingen). This | 
work touches the borderland of 
mathematics and philosophy, as 
does the same^author’s posthumous 
work, ^ Tiber die Grundlagen der 
Erkenntniss in den exacten Wissen- 
fichaften ’ (Tubingen, 1890), and will 
occupy us in another place. 

^ M. Poincare in the ‘ Acta 
Mathematica,’ vol. xxii., “L’osuvre 
mathdmatique de Weierstrass,” p. 

9. The “test-case ” referred to in 
the text consisted in the publica- 

VOL. H. 


tion by Weierstrass (in the year 
1872, ‘ Trans. Berlin Academy,’ re- 
printed in Weierstrass’s ‘ Math. 
Werke,’ vol. ii. p. 71) of the proof 
of the existence of a continuous 
function which nowhere possessed 
a definite (finite or infinite) dififer- 
ential coefficient. This example 
cleared up a point brought into 
prominence by Biemanu in his 
posthumously (1867) published 
Inaugural Dissertation of 1854 
(* Werke,’ p. 213). The question 
had already, following on Bie- 
mann’s suggestions, been dis- 
cussed by Hermann Haukel in a 

2 y 
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Before Weierstrass, Cauchy and rdemanii had at» 
tempted to define the vague term function or 
mathematical dependence. Both clung to the graphical 
representation so common and so helpful in analysis 
since Descartes invented it. We have, of course, -in 
abstract science, a right to l3egin with any definition 
we choose. Only the definition must be such tliat it 


remarkable tract on “Oscillating 
iunctions,” in which he drew 
attention to the existence of func- 
tions which admit of an integral, 
but where the existence of a differ- 
ential coefficient remains doubtful. 
In fact, it appears that the cj[uebtion 
as to the latter had never been 
raised; the only attempt in this 
direction Ijeing that of Anip5re in 
1806, which failed (Hankel, p. 7). 
Haukel in his original investigation 
^ho\ved Unit a continuous curve 
might be supposed to be generated 
l)y the motion of a point which 
oscillated to and fro, these oscilla- 
tions at the limit becoming in- 
finitely numerous and infinitely 
small : a curve thus generated 
would present what he called “a 
cornlensation of .singularities” at 
every point, but would poNHe.ss no 
definite direction, hence also no 
differential coefficient. I'he argu- 
ments aftid illustrations of Kankcl 
have l)cen criticjseil and found fault 
with. He nevin’fchGleHs deserves the 
creilit of having among the first 
attempted to gain a firm footing 
on a slippery road which had only 
been rarely trodden*' (p. 8). In 
this tract (which is reprinted in 
‘Math. Ami.,’ vol. xx.), as well as 
in his valuable article on Limit ” 
(Erech und 0 ruber, ‘Bncyk.,’ vol 
xc. p. 185, art, ”), Hankel 

did much to establish f'loarly the 
essential point ou which dependK 
the entire modern revolution in 
our ideas regarding the foundathum 


of the so-called iniinitesimal cal- 
culus ; reverting to the idea of a 
“limit,” both in the definition of 
the derived functinn (limit of a 
ratio) and of the integral (limit of 
a sum) as contained in the writings 
both of Newton and Leibuiis, 
but obscured by the niothod of 
“Fluxions” of the former and the 
method of “ Infinitesimals ” of tlie 
latter. Lagrange and Cauchy had 
begun this revolution, bub it was 
not consistently ainl generally 
carried through till tlie re.searehes 
of Uiemanu, Hankel, VVeicnsti ass, 
and others made rigorous detini- 
tioiis ncceH.sary and generally ac- 
cepted. It is, however, well to 
note that in this country A. do 
Morgan very early expn'ssed clear 
yiew.s on this .subject. Frof. 
ill his excellent' chapter on the 
Differential and integral fhilcuius 
(‘Encyk. Math, WImk,’ vol. ii. i. p. 
51, &(5.)i calls the later period the 
perhid of the purely arithmetical 
oxamiiintion of infinitesimal con- 
ceptions, and Hays fp. 60), *‘The 
purely arithmetical dotinition of 
the infmilesimjd operations which 
is cliaraeterisbii* of ♦ the presput 
critical pcriotl of mathematics has 
showji that most (*f the theorems 
cstaldished i>y older reHcarches, 
which aimefl at a ff>rmal extension 
of method, only possess a validity 
limited by very definite rinsump- 
tiuns.” Kuch asounption.s were 
tacitly made by earlier writers, but 
not expHoitly siated. 
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corresponds with conditions which we meet with in 
reality, say in geometry and physics, otherwise our 
science becomes useless : further, our definitions must be 
consistent, and follow logically from the fundamental 
principles of arithmetic, otherwise we run the risk of 
sooner or later committing mistakes and encountering 
paradoxes. We have two interests to serve: the ex- 
tension of our knowledge of functions and the rigorous 
proof of our theorems. The methods of Eiemann and 6i. 

Eiemann 

of Weierstrass are complementary. “ By the instrument 
of Eiemann we see at a glance the general aspect of 
things — like a traveller who is examining from rhe peak 
of a mountain the topography of the plain which he is 
going to visit, and is finding his bearings. By the in- 
struments of Weierstrass analysis will, in due course, 
throw light into every corner, and make absolute clear- 
ness shine forth.'' ^ The complementary character of 


^ Poincar^, loc, oit, p. 7. Simi- 
larly Prof. Klein {loc, cit.^ * Vienna 
Heport,’ p. 60) : “ The founder 
of the theory [viz., of functions] 
is the great French mathema- 
tician Cauchy, but only in Ger- 
xiiauy has it received that mod- 
em stamp througli which it has, 
so to speak, been pushed into the 
centre of our mathematical con- 
victions. This is the result of the 
simultaneous exertions of two 
workers — Eie^iann on the one side 
and Weierstrass on the other. 
Although directed to the same end, 
the methods of those two mathe- 
maticians are m detail as different 
as possible ; they almost seem to 
c£»ntradict each other, which contra- 
diction, viewed from a higher aspect, 
naturally leads to this — that they 
mutually supplement each other. 
Weierstrass defines the functions 


of a complex variable analytically 
by a common formula — viz., the 
‘ Infinite Power Series ’ ; in the 
sequel he avoids geometrical means 
as much as possible, and sees his 
specific aim in the rigour of 
proof, Eiemann, on the other 
side, begins with certain differential 
equations. The subject then im- 
mediately acquires a physical as- 
pect. . . . His starting-point lies 
in the region of mathematical 
physics.” We now know from the 
biographical notice of Eiemann, 
attached to his collected works 
(Ist ed., p, 520), that he was 
pressed (in 3856) by his mathe- 
matical friends to publish a resxmd 
of his Researches on Abelian func- 
tions — be it ever so crude.” The 
reason was that Weierstrass was 
already at work on the same sub- 
ject. In consequence of Eiemann’s 
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the labours of the two great analysts is nowhere better 
shown than in the special manner in which Weierstrass 
succeeded in strengthening the foundations^ on which 
much of Eiemann’s work rests. 

The labours of the great analysts — Gauss, Cauchy, 
E ifi Tna nn, and Weierstrass — all tended to increase our 


publication Weierstrass withdrew 
from the press an extensive memoir 
which he had presented in the year 
1857 to the Berlin Academy, be- 
cause, as he himself says (Weier- 
fitrass, ‘Math. Werke/ vol. iv. p. 10); 
“ Riemann published a memoir on 
the same problem which I’ested on 
entirely different foundations from 
mine, tind did not immediately 
reveal that in its results it agreed 
completely with my own. The 
proof of this required investigations 
which were not (juite easy, and took 
much time; after this difficulty 
had been removed a radical remod- 
elling of my dissertation seemed 
necessary,” &c. &c. The mutual 
influence of Riemann’s and Weier- 
strass’s work is also referred to by 
Weierstrass in a letter to Prof. 
Schwarz, dated 1876, in which 
he utters what he calls his con- 
fession of faith : “ The more 

I ponder over the principles of 
the theory of functions — and T 
do this ince.ssantly — the stronger 
grows my conviction that it must 
be built up on the foundation of 
algebraical truths, and that, there- 
fore, to employ for the proof of 
simple and fundamental algebraical 
theorems the ‘ transcendental/ if I 
may say so, is not the correct way, 
however enticing prima vuta the 
consideratiuiiH may be by which 
Riemann has discovered many of 
the most important properties of 
algebraical functions. It is a mat- 
ter of course that every road must 
be open to the searcher as long as 
he seeks ; it is only a question of 


the systematic demonstration ” 
(Weiersti ass, ‘AVerke,’ vol ii. p. 
235). 

^ This refers mainly to Weier- 
8tras.s’s investigation of the pi inciple 
called by Riemann ‘‘ Dirichlet’s 
principle,” but which had been 
stated already with great generality 
hy Thomson (Lord Kelvin) in the 
year 1817. The validity of this 
method depended on a certain 
minimum theorem. WeicrHtra.ss 
has shown that the existence of 
such a minimum is not evident, and 
that the argument used is not con- 
clusive. He laid before the Berlin 
Academy, in the year 1870, a com- 
munication giving a te&t-ea.'«o to 
prove that Dirichlet’s method wa.s 
not generally valid (‘Werko/ vol. 
ii. p. 49). “Through this,” Prof. 
Klein says {loc. Wi., p, 67), “a 
great part of Riomann^s develop- 
meuis become invalidated. Never- 
theless the far - reaching results 
which Riemann bases upon the 
principle are all correct, as was 
shown later on exhaustively and 
wdth all rigour by Carl Neumann 
and H. A. Schwarz. Indeed we 
must come to the conclusion that 
Riemann himself arri'^ed at these 
theorems by a physical intuition, 
and only afterwards resorted to the 
principle referred to in order to 
iiave a consistent mathematical line 
of reasoning ” (foe. p. (>7). »See 
on this also PoinoartS (foe. efL, 
pp, 10 and 16), who gives other 
instances where the work of Weier- 
strass supported that of Riemann. 
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knowledge of the higher mathematical relations, but 
also to reveal the uncertainty and absence of rigorous 
definition of the foundations of arithmetic and of geo- 
metry. Accordingly we find these great thinkers con- 
tinually interrupting their more advanced researches by 
examinations of the principles. This feeling of un- 52. 

Examina- 

certainty had led, ever since the end of the eighteenth 
century, to many isolated attacks and half-philosophical 
discussions by various writers in this country and 
abroad. Many of them remained long unrecognised ; 
such were the suggestive writings of Hamilton, De 
Morgan, Peacock in England, Pokano ^ in Bohemia, 

^ The merits of Bernhaid Bolzano and was soon f 01 gotten; Cauchy 

(1781-1848) as one of the eailiest was the happy one who was praised 

representatives of the critical period as a reformer of the science, and 

of mathematics were recognised whose elegant writings were soon 

after a long interval of neglect by widely circulated.” (Hankel, loc, 

Hankel in his article on “Limit” ciUt p. 210.) Following on this 

mentioned above. This philosophi- statement of Hankel and a remark 

cal mathematician published many of Prof. H. A. Schwarz, who looks 

years before Cauchy a tract on the upon Bolzano as the inventor of a 

Binomial Theorem (Prague, 1816), line of reasoning further developed 

in which he gives, in Hankel’s by Weierstrass (* Journal fiir 

opinion, the first rigid deduction of Mathematik,’ vol. Ixxiv. ^ p. 22, 

various algebraical series. “ Bol- 1872), Prof. 0. Stolz published in 

zano’s notions as to convergency of 1881 (‘Math. Ann.,’ vol, xviii, p. 

series are eminently clear and 255) an account of the several 

correct, and no fault can be found writings of Bolzano, beginning in 

with his development of those series the year 1810, in so far as they 

for a real argument (which he referred to the principles^ of the 

everywhere presupposes) ; in the Calculus. “ All these writings are 

preface he gives a pertinent criti- remarkable inasmuch as they start 

cism of earlier developments of the with an unbiassed and. acute criti- 

Binomial Tlieorem, and of the un- eism of the contributions of the 

restricted use of infinite series, older literature ” (^c. p, 257). 
which was then common. In fact, A posthumous tract by Bolzano, 

he has every tiling that can place * Paradoxieen des Unendlichen,’ 

him in this respect on the same was republished in 1889 in ‘'Wis- 

level with Cauchy, only not the art senschaftUche Olassiker,’ vol. ii. , 

peculiar to the French of refining Berlin (Meyer and Muller). As 

their ideas and communicating stated above, Hankel was also one 

them in the most appropriate and of the first to draw attention to 

taking manner. So it came about the originality and importance of 

that Bolzano remained unknown Hermann Grassmann’s work. 
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Bolyai in Hungary, Lobatchevski in Kasan, Grassinann 
in Stettin. Most of these were unknown to each 
other. However, near the beginning of the last third 
of the century three distinct publications created a 
great stir in the mathematical world, brought many 
scattered but cognate lines of reasoning together, and 
made them mutually fertile and suggestive. These 
three were — -first, the publication in 1860 of Gauss’s 
correspondence with Schumacher, in which two letters 
of the former, dated May and July 1831,^ became 
known, where he referred to his extensive but un- 
written and unfinished speculations on the foundations 
of geometry and the theorem which refers to the 
sum of the angles in a triangle. The second was the 
publication in 1867 of the first and only jmrt of Her- 
mann Hankel’s Lectures on the Complex Numbers 
and their functions.” ^ The third was the posthumous 
publication in the same year of Eiemann’s paper, dated 
1854,^ ‘‘On the Hypotheses which lie at the Foundation 
of Geometry.” Almost simultaneously there appeared 
the first of Helmholtz’s two important papers^ on the 


^ See ‘ Brief wcchscl vjwiscben 
OaiiMH wild Schumacher,* ed. Petern, 
1860, vol ii, pp. 260, 268. 

The small volume contains so 
much original and historical matter 
that I have on several occasions 
referred to it. See above, pp. 645, 
653. 

** Kiemann, ^Matli, Werlce,’ 1st 
ed,, p. 254 Bqq, 

^ The first publication of Helm- 
holtz was a lecture on “the actual 
foundations of geometry,” which 
he delivered on the 22nd May 1868 
to the Medical Society at Heidel- 
berg. This communication, which 


referred to investigations carried on 
for many years, — notably in con- 
nection with the theory of the 
colour - man if old, — was occasioned 
by the publication of Hiemann*s 
paper in the ‘ Transactions * of the 
Gottingen Society. He had heard 
of this through Schering, to whom 
he wrote on the 21st April 1868 
before having seen Riemann’s 
paper : “ I have myself been oc- 
cupied with the same subject dur* 
ing the last two years, in connection 
with my researches in physiological 
optics. ... I now see, from the 
few hints which you give as to the 
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same subject, through which it became more widely 
known and attracted the attention of other than 
purely mathematical writers. The small but eminently 
suggestive volume of Hankel showed the necessity of 
a revision and extension of the fundamental principles 
and definitions^ of general arithmetic and algebra as 


I’e^ult of the investigation, that 
Kiemann has arrived at exactly 
the same results. My starting- 
l>omt was the question, How must 
a magnitude of several dimensions 
he constituted, if solid bodies are 
to move in it everywhere continu- 
ously, monodromically, and as freely 
as bodies move in real space On 

receiving from Schering a reply 
with a copy of Riemann’s paper, 
Helmholtz wrote (ISth May), “I 
enclose a short exposition of that 
which in my researches on the same 
subject is not covered by Riemann’s 
work.” A fuller paper, with the 
title “On the Facts which lie at the 
foundation of Geometry,” appeared 
in the ‘ Gottinger Nachnchten,’ 
June 8, 1888. See Helmholtz, 

‘ Wiss. Abhaudl.,’ vol. ii pp. 610 
and 81 S, &ic, ; also ‘H. von Helm- 
holtz.’ by Leo Koenigsberger (1903), 
v(d. ii. p. 138, &c. In another 
lecture, ‘ ‘ On the origin and mean- 
ing of the Axioms of Geometry ” 
(1870, reprinted in abstract in 
‘ The Academy,’ vol. i.), as well as 
in an article in vol. i. of ‘Mind’ 
(p, 301), he discussed “the philo- 
sijphical bearing of recent in- 
<parios cmicerning geometrical 
axioms and the possibility of work- 
ing out analytically other systems 
of geometry with other axioinB 
than Euclid’s” (reprinted in vol. ii. 
of ‘ Vortruge und Reden ’). 

^ In this treatise Hankel intro- 
duced into German literature the 
three terms “distributive,” asso- 
ciative,” and “ commuTiative ” to 
define the throe principles which 


govern the elementary operations 
of arithmetic, and introduced fur- 
ther what he calls the principle of 
the permanence of former rules 
in the following statement : “If two 
f(3rms, expressed in the general 
terms of universal arithmetic, are 
equal to each other, they are to 
remain e(|ual if the symbols cease 
to denote simple quantities ; hence 
also if the operations receive a 
different meaning.” Hankel seems 
to have been led to his definitions 
by a study of French and English 
writers, among whom he mentions 
Servois (‘ Gergonne’s Ann., v. p 93, 
1814) as having introduced the 
terms “distributive” and “com- 
mutative,” and Sir W. R. Hamilton 
as having introduced the term 
“ associative.” He further says 
(p. 15) : “ In England, where 

investigations into the funda- 
mental principles of mathematics 
have always been treated with 
favour, and where even the great- 
est mathematicians have not 
shunned the treatment of them 
in learned dissertations, we must 
name George Peacock of Cambridge 
as the one who first recogui^^ed 
emphatically the need of formal 
mathematics. In his interesting 
report on certain branches of 
analysis, the principle of perma- 
nence is laid down, though too 
narrowly, and also without the 
necessary foundation.” Other writ- 
ings, of what he terms Peacock’s 
Cambridge school, such as those 
of De Morgan, Hankel states that 
he had not inspected; mention- 
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an introduction to the advanced theories of Gauss and 
Eiemann; and for this purpose he went back to the 
unnoticed labours of Grassmann in Germany, to the 
writings of Peacock and De Morgan in England, and 
incidentally introduced into Germany the elaborate 
algebra of quaternions, invented and practised by 
Hamilton twenty years before that time. The papers 
of Eiemann and Helmholtz similarly showed the neces- 
sity of a thorough investigation of the principles and 
foundations of ordinary or Euclidean geometry, and 
showed how consistent systems of geometry could be 
elaborated on other than Euclidean axioms. Only 
53 . from that moment, in fact, did it become generally 

'Ton- 

Mdean recognised that already, a generation before, two in- 
dependent treatises on elementary geometry had been 
published in which the axiom of parallel lines was 
dispensed with and consistent geometrical systems 
developed. These were contained — as already stated 
— in the ‘Kasan Messenger,’ under date 1829 and 


iug only a short paper by Dr F. 
Gregory on Symbolical Algebra 
in the Edinburgh ‘Transactions.’ 
Whilst Hankel was delivering 
lectures on these fundamentals, 
Weierstrass in Berlin was likewise 
in the habit of introduoing his 
lectures on the Theory of Analytic 
Functions by a discussion of the 
theory of Complex Numbers. This 
introduction was published, with 
Weierstrass^H permission, in the year 
1872 by Dr JE. Kossak (in a pro- 
gramme of the Friedrichs-Werder 
Gymnasium), after lectures de- 
livered by Weierstraas in 1866-66. 
To what extent Hankel may have 
been influenced by Weierstraas’s 
lectures, which be seems to have 
attended after leaving Gbttingen, 


is umieriain, for in h})ite of his very 
extensive references he does not 
mention Weierstrass. In Kossak’s 
‘ Kleinento der Arithmetik ’ the 
term “permanence of formal rules “ 
is not used, but the treatment of 
the extended arithmetic is carried 
on along the same lines-— not 
by an attempt to represent the 
complex cjuantities, Sut on the 
ground of maintaining the rules 
which govern the arithmetic of 
ordinary numbers. Great inx- 
portanoe is also attached to the 
principle of inversion as having 
shown itself of value in the theory 
of elliptic functions, and being not 
less valuable in arithmetic. As 
stated above (p. 640^ note), this prin- 
ciple is also insisted on by Peacock, 
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1830, the author being Lobatchevski ; and in the 
appendix to an Introduction to Geometry, published 
by Wolfgang Bolyai at Maros Vasarheli, a town of 
Transylvania, the appendix being by the author’s son, 
Johann Bolyai. The elder Bolyai having been a 
friend and correspondent of Gauss, and his speculations 
evidently of the same nature as those indicated by the 
latter in the above-mentioned correspondence, conjectures 
have been made as to which of the two originated the 
whole train of thought.^ The independent investiga- 
tions of Eiemann and Helmholtz started from a diher- 


See above, p. 652, note. Wliat 
I'l important iiom oui point of 
%new in the invo.stigatious ot both 
Uiemann and Helmholtz liea in the 
ft lowing points ; Fiiat, Neither 
iliemaun nor Helmholtz refers to 
the non -Euclidean geometry of 
Lobatchevski or Bolyai. This is 
not surprising in the case of 
Helmholtz, whose interest was 
originally not purely mathematical; 
in tact, we may incidentally re- 
mark how, in spite of his jirotound 
mathematical ability, he on various 
ociMHitniK came into close contact 
witli matheniaiical researches of 
great originality and importance 
without recognising them — 
the researches of Grassmann and 
riucker. Ah regards Riemann, his 
paper was read before Gauss, who 
certainly knew all about Bolyai, and 
latterly also about Lobatchevski, of 
whom lie thought bo highly that he ! 
proposed him as a ftireign member 
of the Gottingen Society, Gauss 
could therefore easily have pointed 
out to Kiemann the relations of 
his hpeculations with lus own and i 
those of the other mathematicians i 
named, l::iince the publication of { 
the latent volume of GausH’s works, ' 
it. has become evident that Gauss ! 


1 coi responded a good deal, and 
' more than one w'ould have &up- 
I posed from reading Sartorius’s 
I obituary memoir, on the subject 
; of non-Euclidean (astral or imag- 
I inary) geometry, notably with 
: Gerling ; and that several con- 
1 temporary mathematicians, such as 
Schweikart, came very near to 
Gauss’s own position. Second, al- 
though Riemann, and subsequently 
also Helmholtz, made use of the 
term manifold ” {Mannigfaltiy- 
keU), it does not appear m the 
course of their discussion that they 
considered the space-manifold from 
any other than a metrical point 
of view. In tact, the manifold be- 
comes in their treatment a magni- 
tude {QrOs^e). It is true that 
Riemann does refer to certain 
geometrical relations not con- 
nected with magnitude but only 
with position, as being of great 
importance, ^ These two points 
through which the researches of 
Riemann and Helmholtz stand in 
relation to other, and at the 
time isolated, researches, were 
dwelt on, the first by Beltrami, 
and the second by Cayley and 
Prof, Klein. 
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ent origin : both made use of the more general con- 
ception of an extended magnitude, introduced the 
notion of the curvature of space by analogy with 
Gauss’s measure of curvature of a surface, and tried 
to express in algebraical formulae the general and 
necessary properties of a magnitude which should form 
the foundation of a geometry. The relation of these 
algebraical results to those arrived at by the critical 
and purely geometrical methods of Lobatchevski and 
Bolyai were set out by Beltrami, who showed clearly 
that three geometries of two dimensions are possible — 
the Euclidean, that of Lobatchevski, where the three 
angles of a triangle are less than two right angles, 
and a third where they are more. He showed the 
analogy of the third with geometry on the sphere, 
and suggested the pseudo-sphere as a surface on which 
the second could be similarly represented. At the 
same time he indicated the generalisation through the 
algebraical formula of the conception of dimensions, and 
introduced the symbolical term geometry of four or 
more dimensions, as Grassmann and Cayley had done 
before him.^ Through all these investigations a habit 


^ Tlio geometry of non-Euclidean 
space, as well as the geometry 
of four or more dimensions (both 
usually comprised under the term 
non 'Euclidean geometry^’), can 
now boast of an enormous 
literature, the enumeration of 
which alone would fill many 
pages. A complete bibliography 
up to the year 1878 is given in 
vole, i, and ii, of the American 
‘ Journal of Mathematics ’ by Prof. 
Bruee Halsted, who has done 
much to make known to English 
readers the original writings of 


the pioneers in this subject. 
Later j)ubhcations are referred to 
in Hr Victor Sehlegel’s papers 
(‘Leopoldina,’ xxii, 1886, Nos. 
9-18): “Ueber Entwickelung uud 
Stand der ix-dimensionalen Oe- 
ometrie,*’ &c., &c. In France 
Houcl published (be^nning with the 
year 1866) translations of memoirs 
referring to this subject ; in fact, 
he was almost the first to draw 
attention to this important modern 
departure. But it is almost ex- 
clusively owing to the various 
wntings of Prof. Felix Klein that' 
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has been introduced into mathematical writings which 
has not a little puzzled outsiders, and even exposed 
the logically rigorous deductions of mathematicians to 
the ridicule — not to say the contempt — of eminent 
philosophical authorities. The complete parallelism or 
correspondence of geometrical with algebraical notions 
— the possibility of expressing the former with perfect 
accuracy Ijy the latter, and of retranslating the latter 
into the former, and this in more than one way, accord- 
ing to the choice of the space element (point, line, 
sphere), led to the habit of using purely geometrical pre- 
sentable ideas as names for algebraical relations which 
had been generalised by the addition of more than 
a limited number of variables. Thus the conception 
of curvature, easily defined for a plane curve, and 54. 
extended by Gauss to surfaces, was, by adding a third 
variable in the algebraic formula, applied to space. 

We are then told that it is necessary to understand 
what is meant hy the curvature of space, this being a 
purely algebraical relation, not really presentable, hut 
only formed by analogy from the geometrically present- 
able relations of geometry on a surface. In a similar 

the different points of origin of this die Ko-genannte nicht-Euelidiscbe 
uiOftt recent nnttheinatical specula- Geonietrie” in vol. iv., ‘Math. Ann.,’ 
lion, which are to be found in 1871. In this paper he connects the 
the inathoinatiual literature of all independent researches of Cayley 
the pniHjipal » nations, have been (following Laguerre, ‘ Nouv. Ann. 
put in the true light and brought de Math.,’ 1853), who in his sixth 
into conneution. In fact, here, memoir on C^^uantics showed how 
as in Hf‘veral otlier subjeots, his metrical geometry can be included 
publications, including bis litho- in projective geometry by refer- 
gi'aphcd ieefcuroH on non-Euclidean ring figures bo a fundamental fixed 
geometry (delivered at Gottingen, figure in sr>ace called by him the 
bS93-94;, serve as the best guide “ Absolute,” with the independent 
through the labyrinth aud contro- researches of Lobatchovski, Bolyai, 
versies of tluH intricate subject. Eiemann, and Beltrami. 

Hoe ohjjcciany his article ‘*Uebcr 
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way the idea of the dimensions of space was extended, 
and four and more dimensions freely spoken of when 
really only a limited number is geometrically pres- 
entable. In the hands of mathematicians these terms 


are useful, and we may discard the criticism of philo- 
sophers and laymen as based on misunderstanding.^ 
The introduction, however, into geometrical work of con- 
ceptions such as the infinite, the imaginary, and the 
relations of hyperspace, none of which can be directly 
imaged, has a psychological significance well worthy 
of examination.2 It gives a deep insight into the 
resources and working of the mind. We arrive at 
the borderland of mathematics and philosophy. 


^ The most important philosophi- 
cal criticism of the non-Euclidean 
geometry is that of Lotze, con- 
tained in the second book, chap, 
ii., of the ‘Metaphysik' (1879, p. 
249, &c, ) It must not be forgotten 
that Lotze wrote at a time when 
the novel and startling conceptions 
put forward by popular wi iters on 
the subject had been employed in 
the interest of a spiritualistic philo- 
sophy, to the delusions of which 
some even of Lotze’s fi’iends had 
fallen a prey. This explains the 
severity of Lotsse’s criticisms, which 
are of the very same nature as those 
he pronounced many years earlier 
on similar aberrations (see ‘ Kleine 
Bchriften,’ vol iii, p. 329). Those 
who are interested in following up 
the subject should refer to the 
writings of Friedr. ZoUner as col- 
lected in the four vols. of his 
^ WissenschaftUche Abhandlungen * 
(Leipssig, 1878-81). They belong 
to the curiosities of the philosophi- 
cal and scientific literature of that 
age, bub can hardly claim a place in 
the history of thought. 

^ See the remark of Cayley in his 
Presidential Address (* Coll. Works,’ 


vol. xi. p. 434) : “ The notion, 
which is really the fundamental 
one (and I cannot too strongly 
emphasise the assertion), under- 
lying and pervading the whole of 
modern analysis and geometry, is 
that of imaginary magnitude in 
analysis and of imaginary space (or 
space as a locus in quo of imaginary 
points and figures) in geometry. I 
use in each case the word imaginary 
as including real. This has not 
been, so far as I am aware, a subject 
of pliilosojducal discussion or in- 
quiry. As regards the older meta- 
physical writers, this would be quite 
accounted for by saying that they 
knew nothing, and were not bound 
to know anything, about it ; but at 
present, and considering the prom- 
inent position whi#h the notion 
occupies — say even that the conclu- 
sion were that the notion belongs 
to mere technical mathematics or 
has reference to nonentities, in 
regard to which no science is pos- 
sible-— still it seems to me that (as 
a subject of philosophical discussion) 
the notion ought not to be thus 
ignored ; it should at least be shown 
that there is a right to ignore it.’^ 
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There exists, moreover, an analogy between the 
mariner in which these novel and extended ideas have 
been historically introduced and the mode of reasoning 
which led Sir W. E. Hamilton to the invention of a new 
and extended algebra — the algebra of quaternions. This 
analogy becomes evident if we study the small volume of 
Hermann Hankel, which appeared about the same time 
as Eiemann’s and Beltrami’s fundamental geometrical 
dissertations. 

The extension of Hamilton was only possible by drop- 55. 

, Generalised 

ping one of the fundamental principles of general arith- conceptions, 
metic, the commutative principle of multiplication, which 
is symbolically expressed by saying that a x b is equal to 
I X a. By assuming that axdis equal to — & x a, Hamil- 
ton founded a new general arithmetic on an apparently 
paradoxical principle. Similarly Lobatchevski and Bolyai 
constructed new geometries by dropping the axiom of 
parallel lines. Hankel made clear the significance of the 
now algebra, Eiemann and Beltrami that of the new geom- 
etry. The priictical performance anticipated and led up 
to the tlioorebical or pliilosuphical exposition of the under- 
lying ]n*iuci))lcs. But there was a third instance in 
whi(*U a new science had been created by abandoning the 
coin'cntional way of looking at things. This was the 
formation of a consistent body of geometrical teaching 
liy disrcgartling tlie metrical properties and studying 
oidy the ])ositional or projective properties, following 
Mungi* ami Ponoelet. The two great minds who worked 
out Ihis geometry independently of the conception of 
number or meaBuremeiit, giving a purely geometrical 
dt^finiiion of distance and number, were Cayley in Kng- 



718 


SCIENTIFIC THOUGHT 


land and Von Staudt in Germany. It was reserved for 
, , 56 . Prof. Pelix Klein of Gottingen to show how the gener- 
exposition, alised notions of distance introduced into geometry by 
Cayley and Von Staudt opened out an understanding of 
the three geometries of Euclid, of Lobatchevski, and of 
Eiemann.^ We have to go back to the purely projective 
properties of space to understand these different possi- 
bilities. Lobatchevski attacked the problem practically, 
Poiemann analytically, Klein geometrically. Through the 
labours of Klein the subject has arrived at a certain 
finality. And what was still wanting aftei* he had 
written his celebx^ated memoir (which was approved and 


^ See the note on p. 714, a)>ove ; 
also ‘Math. Ann.,* vol. iv. p. 573, 
and vol. vi, p. 112. Prof. Klein 
— following a usage in mathe- 
matical language — distinguishes 
thi'ec different geometries, the 
hyperbolic, the elliptic, and the 
parabolic geometry, corresponding 
to the possession by the straight 
line at inhniby of two real or two 
imaginary (that is, none) or two 
coincident points. The whole 
matter turns upon the fact that, 
although metrical relations of 
figures are in general changed 
by projection, there is one metri- 
cs relation — known in geometry 
as the “anharmonic ratio” (in 
German Dopficherlmltnm ) — which 
in all projective transformations 
remains unchanged. A.s this an- 
harmonic ratio of points or lines 
can be geometrically constructed 
without reference to raejisure- 
ment (Von Staudt, * Geometric 
der Lage/ 1847 and 1857), a 
method is thus found by which, 
starting from a |>urely descriptive 
property or relation, distance and 
angles — metrical quantities — 
can be defined. Some doubts have 


been expressed whether, starting 
from the purely projective pro- 
perties of space ami building up 
geometry in this way (arriving at 
the metrical properties by the 
construction suggested by Von 
Staudt), the ordinary idea of 
distance and number is not tacitly 
introduced fx'om the beginning. 
This may be of philosophical, 
but is not of mathematical, 
importance, as the main object 
in the mathematical treatment is 
to gain a starting-point from 
which the several possible con- 
sistent systems of geometry can 
be deduced and taken into view 
togother.^ See on tins point, 
aim, Cayley’s remarks in 
the apiiendix to vol. ii, of ‘Col- 
lected Works’ (p. g 04 aho 
Sir E, S. Ball’s paper (({Uoted 
there), and more recently the dis- 
cussion on the subject in Mr 
Bertrand Russell’s ‘ Kssay on the 
Foundations of Geometry’ (1897, 
p. 31, &c.; p. 117, &c0 See 
also the same author’s article on 
non-lilucUdean Geometry in the 
supplement of the ‘Eney. Brit.,’ 
vol. xxviii. 
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commented on by Cayley) was later on supplied in con- 
sequence of a suggestion of his. The researches of 
Pdemann, and still more those of Helmholtz, had not 
merely a mathematical, they had also a logical and a 
psychological, meaning. Space was conceived to be a 
threefold - extended manifold. There are other mani- 
folds besides space — -such, for instance, as the threefold- 
extended manifold of colours. Helmholtz came from the 
study of this manifold to that of space. Now the 
question arises as to the conditions or data which are 
necessary and sufficient for the foundations of a science 
like geometry. We have seen that the axiom of parallel 
lines is not required ; we have also seen that the notion 
of distance and number can be generalised. What other 
data remain which cannot be dispensed with ? Helm- 
hollz had attempted to answer this question. But 
neither he nor Eiemann had considered the possibility 
of a purely projective geometry. Now it is the merit of 
Prof. Klein to have seen that there exists a purely alge- 
braical method by which this problem can be attacked. 
This is the method of groups referred to above, and 
applied by Sophus Lie to assemblages of continuously 
variable quantities. Klein was one of the first to recog- 
nise the power of this new instrument. He saw that 
the space problem was a problem of transformations, the 
possible mdtions in space forming a group with definite 
elements (the different freedoms of motion) which were 
continuously variable — ix., in infinitesimal quantities— 
and which returned into themselves under certain well- 
defined conditions. They possessed, moreover, in the 
maintenance of distance the algebraic property of in- 


57 . 

Sophus Lie. 
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variance. He also expressed some doubt regarding the 
logical consistency of the assumptions of Helmholtz. 
Sophus Lie undertook this investigation, and thus 
brought the logical side of the labours of Eiemann 
and Helmholtz to a final conclusion.^ This is one of 
the celebrated instances where the rigorous algebraical 
methods have detected flaws in the more intuitional or 
purely geometrical process, and extended our knowledge 
of hidden possibilities. 

But there is yet another branch of the great science 
of number, form, and interdependence, the principles 
and foundations of which had been handed down from 
earlier ages, where the critical and sifting process of the 
nineteenth century has led to an expansion and revolu- 
tion of our fundamental ideas. Here also, as in so 
many other directions, the movement begins with G-auss. 
Hitherto I have spoken mainly of algebra or general 
arithmetic, of geometry, of the connections of both in the 


1 “ Lie was early made aware by 
Klein and his “program” that the 
space problem belonged to the 
theory of groups. . . . Ever since 
1880 he had been pondering over 
these questions ; he published his 
views first in 1886 on the occasion 
of the Berlin meeting of natural 
philosophers. HelmholtK’s concep- 
tion was itself unconsciously (but 
remarkably so, inasmuch as it 
dates from 1868) one belonging to 
the theory of groups, trying, as it 
did, to characterise the groups of 
the sixfold inhnite motions in 
space, which led to the three 
geometries, in comparison with all 
other groups. He did this by 
fixing on the free mobility of rigid 
bodies — on the existence of an 
invariant between two points as 


the only essential invariant. W'hen 
Lie took up this problem in prin- 
ciple, as one belonging to the theory 
of groups, he recognised that for 
our space that part of the axiom of 
monodromy was unnecessary which 
added periodicity to the free mo- 
bility round a hxed axis. . . . 
The value of these investigations 
lies mainly in this, that they permit 
of our fixing for every kind of geo- 
metry the most appropriate system 
of axioms. . . , And they justly 
received in the year 1897 the first 
Lobatchevski prize awarded by the 
Bociety of Kasan” (M. Nother, 
♦Math. Ami.,’vol. liii, p, 38). A 
lucid exposition of Lie^s work will 
be found in Mr B. Bussell’s ♦ Essay, ^ 
&c., p. 47 sqq. 
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theory of forms and functions : there remains the science 
of numbers — of number in the abstract and also of the 5s, 

Theory of 

named numbers of ordinary arithmetic. Gauss’s earliest numbers, 
labours were connected with this branch. Superseding 
the work of Fermat, Euler, and Legendre, he produced 
that great book with seven seals, the ' Disquisitiones 
Arithmetic^e.’ The seals were only gradually broken. 
Lejeune Dirichlet did much in this way : others followed, 
notably Prof. Dedekind, who published the lectures of 
Dirichlet and added much of his own. The question 
may be asked, Have we gained any new ideas about 
numbers ? 

In this abstract inquiry we can again facilitate our 
survey by distinguishing between the practical and the 
purely theoretical interests which stimulated it. Look- 
ing at the matter as well as the formal treatment by 
which it was rendered accessible, we may say Gauss not 
only taught us some very remarkable new properties of 
numbers — he also invented a new instrument or calculus 
for their investigation. Let us consider his woi*k and 
that of his followers from these different points of view. 

First, then, there were certain definite problems con- 
nected with the properties of numbers which had been 
handed down from antiquity. Such were the division of 
the circle into equal parts by a ready geometrical con- 
struction, tlie duplication of the cube, and the quad- 
rature of the circle or the geometrical construction 
of the number To the latter may be attached the 


^ See above, vol. i, p. 181, note. 
The student will find much in- 
tei’esting matter referring to these 
problems in Prof. IClein’s little 

VOL. IL 


volume entitled ‘Famous Problems 
in Elementary Geometry,’ transl 
byBeman and Bmith, Boston and 
London, 1879. In it is also given 

2 7 . 
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properties of the number e, the basis of the ISTapieiian or 
natural logarithms, this number having been shown by 
Euler to stand in a remarkable arithmetical relation to 
the number tt — a relation which could be very simply 
expressed if one had the courage to make use of the 
imaginary unit. As in the instance referred to above, 
when I dealt with the problem of the solution of the 
higher order of equations, so also in the ease of the three 
celebrated problems now under review, the reasoning of 
the mathematicians of the nineteenth century lay largely 
in proving why these problems were insoluble or in 
defining those special cases in which they were soluble. 
Moreover, the labours of Gauss and the class of mathe- 
maticians who followed or read him were directed 
towards the defining and fixing of general conceptions, 
the study and elaboration of which embraced these single 
problems as special cases. Prime numbers had always 
been the object of special attention. Division and par- 


an account of several mechanical 
contrivances for the solution of 
transcendental problems, or of those 
where the use of the compass and 
the ruler do not suffice. Although 
accurate constructions with a ruler 
and compass, or with either alone, 
were known to the ancients only in 
comparatively small numbers, ap- 
proximations, and sometimes very 
close one.s, seem to have been 
known, A very interesting exam- 
ple is Kober’s construction of the 
regular heptagon, of which we read 
in the correspondence of Sir W. R. 
Hamilton with De Morgan (Life of 
Hamilton, by Graves, vol. iii. pp. 
141, 534), and which was described 
by him in the *Fhxl. Mag.,’ Feb- 
ruary 1864. The approximation to 
the correctly calculated figure of 


the true septisection of the circle 
was so close that he could not 
discover, up to the 7th decimal, 
whether the error was in the direc- 
tion of more or less. On carrying 
the calculation further, he found the 
approximation to be such that a 
heptagon stepped round a circle 
equal in size to the equator would 
reach the starting-point within 50 
feet. The inventor or discoverer 
of this method — Rbber, an archi- 
tect of Dresden — supposed that it 
was known to the ancient Egyptians, 
and in some form or other con- 
nected with the plans of the temple 
at Edfu, but on this point I have 
obtained no information. The ques- 
tion is not referred to in Prof. 
Cantor’s ‘ History of Mathematics.’ 
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titioii of numbers had been studied, and many interesting 
formiilse had been found by induction, and subsequently 
proved — or not proved — by a multitude of ingenious 
devices. As in so many other directions of research 
so also here, the genius of Gauss gave a great impetus to so. 
progress by the invention of a definite calculus and an theory of 
algorithm. This invention referred to the solution of 
what used to be known as indeterminate equations: to 
find two or more numbers — notably integers, which obey 
a certain algebraical relation. For one large class of 
these problems (which already occupied the ancient 
geometers), viz., those of the divisibility of one number 
by another (called the modulus) with or without residue, 

Gauss invented the conception and notation of a con- 
gruence. Two numbers are congruent if when divided 
by a certain number they leave the same remainder. It 
will be seen,” says Henry Smith, “ that the definition of 
a congruence involves only one of the most elementary 
arithmetical conceptions — that of the divisibility of one 
number by another. But it expresses that conception 
in a form so suggestive of analysis, so easily available in 
calculation and so fertile in new results, that its introduc- 
tion into arithmetic has proved a most important contri- 
bution to the progress of the science.” ^ Notably the 
analogy with ordinary algebraic equations and the possi- 
bility of transferring the properties and treatment of 
these was , at once evident. It became a subject of 

1 See Henxy J. S. Smith in his pp. 38-364). It gives a very lucid 
most valuable ‘ Report on the account of the history of this de- 
Theoryof Numbers’ (Brit. Assoc., partment of mathematical science 
1869-65, six parts. Reprinted in up to the year 1863. 

* Collected Math. Papers,’ vol. i. 
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interest to determine the residues of the powers of 
numbers. A number is said to be a quadratic, cubic, 
or biquadratic residue of another (prime) number (the 
modulus) if it is possible to find a square, cube, or bi- 
quadratic number which is congruent with the first 
number. The theory of congruences was a new calculus ; 
as such it was, like the theory of determinants or of in- 
variants or the general theory of forms, a tactical device 
for bringing order and simplicity into a vast region of 
very complicated relations. Gauss himself wrote about it 
late in life to Schumacher.^ “ In general the position as 
regards all such new calculi is this — that one cannot 
attain by them anything that could not be done without 
them : the advantage, however, is, that if such a cal- 
culus corresponds to the innermost nature of frequent 
wants, every one who assimilates it thoroughly is able — 
without the unconscious inspiration of genius which no 
one can command — to solve the respective problems, 
yes, even to solve them mechanically in complicated 
cases where genius itself becomes impotent. So it is 
with the invention of algebra generally, so with the 
differential calculus, so also — though in more restricted 
regions — with Lagrange's calculus of variations, with 
my calculus of congruences, and with Mobius’s calculus. 
Through such conceptions countless problems which 
otherwise would remain isolated and require every time 
(larger or smaller) efforts of inventive genius, are, as it 
were, united into an organic whole.” But a new calculus 
frequently does more than this. In the course of its 

1 See ‘ Brief wechsel' &c., vol. iv. p. 147 ; also Gauss’s * Werke,’ vol. viii. 
p. 298. 
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application it may lead to a widening of ideas, to an 
enlargement of views, to a removing of artificial and con- 
ventional barriers of thought. As I stated early in this 
chapter, the attempts of Gauss to prove the fundamental 
theorem of algebra, that every equation has a root, 
suggested to him the necessity of introducing complex 
numbers ; the development of the theory of congruences 
and of residues — notably of the higher residues — con- 
firmed this necessity. In the year 1831, in his memoir 
on biquadratic residues, he announces it as a matter of 
fundamental importance. In the earlier memoir he had 
treated this extension of the field of higher arithmetic 
as possible, but had reserved the full exposition. And 
before he redeemed this promise the necessity of doing 
so had been proved by Abel and Jacobi, who had created 
the theory of elliptic functions, showing that the concep- 
tion of a periodic function (such as the circular or 
harmonic function) could be usefully extended into that 
theory, if a double period — a real and an imaginary 
one — were introduced. A simplification similar to that 
wliich this bold step led to in the symbolic represen- 
tation of those higher transcendents, had been discovered 
by Gauss to exist in the symbolical representation of 
the theory of biquadratic residues which only by the 
simultaneous use of the imaginary and the real unit 
presented itself in its true simplicity and beauty.'' In 
this theory it was necessary to inti'oduce not only a 
positive and negative, but likewise a lateral system of 
counting — i.e., to count not only in a line backwards and 
forwards, but also sideways in two directions, as Gauss 
showed very plainly in the now familiar manner. At the 
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60 . 

Generalised 
conception 
of number. 


same time a metaphysical question presented itself — viz., 
Can such an extension into more than two dimensions 
be consistently and profitably carried out ? Gauss had 
satisfied himself that it could not ; ^ but the proof of this 
was only given in more recent times by Weierstrass, who 
definitely founded the whole discussion of the subject on 
the logical principle “ that the legitimacy of introducing 
a number into arithmetic depends solely on the defini- 
tion of such number.’’ And this leads me to another 
extension in the region of number suggested by Gauss’s 
treatment, which has also become fundamental, and, in 
the hands of Dirichlet, Kummer, Liouville, Dedekind, 
and others, has remodelled the entire science of higher 
arithmetic. It is based on the logical process of the 


^ A concise history of this sub- 
ject is given by Kosaak in the 
Program referred to above, p, 
712, note. Gauss had promised 
to answer the question, “Why 
the relations between things which 
have a manifoldness of more than 
two dimensions would not admit 
of other” (than the ordinary com- 
plex numbers introduced by him) 
“ fundamental quantities being in- 
troduced into general anthmetic ? ” 
He never redeemed his promise. 
In consequence of this, several 
eminent mathematicians, notably 
Hankel, Weierstrass, and Prof. 
Bedekind, have attempted to reply 
to this question, and to estab- 
lish the correctness of the im- 
plied thesis according to which 
any system of higher complex 
numbers becomes superfluous and 
useless. Prof. Stolz, in the first 
chapter of the second volume of 
his ‘ Allgemeine Arithmetik,’ gives 
an account of these several views, 
which do not exactly coincide. 
In general, however, the proof 
given by Weierstrass, and first 


published by Kossak, has been 
adopted. This proof is based upon 
the condition that the product 
of several factors cannot^ disappear 
except one of its factors is equal to 
zero. “ We must, therefore, ex- 
clude from general arithmetic com- 
plex numbers consisting of three 
fundamental elements. This is, 
however, not necessary if the use of 
them be limited by sotne special 
conditions (Kossak, loc. cit., p, 27). 
In the course of the further de- 
velopment of this matter Weier- 
strass arrives at the fundamental 
thesis “that the domain of the 
elementary operations in arith- 
metic is exhausted by addition 
and multiplication, ^including the 
inverse operations of subtraction 
and division.” “There are,” say© 
Weierstrass, “no other funda- 
mental operations — at least it 
is certain that no example iS' 
known in analysis^ where, if an 
analytical connection exists ^ at 
all, this cannot be analysed into 
and reduced to those elementary 
operations” (p. 29). 
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inversion of operations in the most general manner. In 
the direct process we build up algebraical formulae — 
called equations or forms — by a combination of addition 
and multiplication. We can omit subtraction and 
division, as through the use of negative quantities and 
fractions these are reduced to the former. Now, given 
the most general algebraical equation or form, we can 
search out and define the simple factors or forms into 
which it can be split up, and these factors and their pro- 
ducts we can take to serve as the definition of numbers. 

The question then arises. What are the properties of ei, 

Froc0ss of* 

numbei*s thus inversely defined ? and, secondly, Do these inversion, 
numbers exhaust or cover the whole extent of number as 
it is defined by the uses of practical life ? The answer 
to the former question led to the introduction of complex 
and subsequently of ideal numbers; the discovery by 
Liouville that the latter is not the case has led 
to the conception of transcendental, ie., non -algebraic, 
numbers. 

The idea of generalising the conception of number, by 
arguing backward from the most general forms into 
which ordinary numbers can be east by the processes of 
addition and multiplication, has led to a generalised 
theory of numbers. Here, again, the principal object 
is the question of the divisibility of such generalised 
algebraical numbers and the generalised notion of prime 
numbers — of prime factors into which such num- 
bers can be divided. Before the general theory was 
attempted by Prof. Dedekind, Kronecker, and others, 
the necessity of some extension in this direction had 
already been discovered by the late Prof. Kummer of 
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Kummer's 

ideal 

num'bers. 


Berlin when dealing with a special problem. This was 
no other than the celebrated problem of the division of 
the circle into equal parts, which had been reduced by 
Gauss to an arithmetical question. Gauss had shown 
that the accurate geometrical solution of this problem 
depended on the solution of certain simple binomial 
forms or equations. The study of such forms accord- 
ingly became of special interest: it necessitated the 
employment of the extended notion of number called by 
Gauss that of complex numbers. Now it is one of the 
fundamental laws in the theory of ordinary numbers 
that every integer can be divided only in one way into 
prime numbers. This law was found to break down at a 
certain point if complex numbers were admitted. Kum- 
mer, however, suggested that the anomaly disappeared if 
we introduced along with the numbers he was dealing 
with other numbers, which he termed ideal numbers — - 
i.e,, if we considered these complex factors to be divisible 
into other prime factors. The law of divisibility was 
thus again restored to its supreme position. These 
abstract researches led to the introduction of a very 
useful conception — the conception not only of generalised 
numbers, but also of a system (body, corpus, or region) 
of numbers;^ comprising all numbers which, by the 


^ The idea of a closed system 
or domain of generalised numbers 
has revolutionised the theory of 
numbei-s. Originally the theory of 
numbers meant only the theory of 
the common integers, excluding 
complex numbers. Gauss, in the 
introduction to the ‘ Djsiiuisitioues,’ 
limits the doctrine in this way. 
Ho excludes also the arithmetical 
theories which are implied in 


cyclotomy— 1.0,, the theory of the 
division of the circlti ; stating at 
the same time that the principles 
of the latter depend on theories 
of higher arithmetic. This con» 
nection of algebraical problems 
with the theory of numbers be* 
came still more evident in the 
labours of Gauss’s successors — 
Jacobi and Uejeune Birichlet, and 
was surprising to them. “The 



DEVELOPMENT OF MATHEMATICAL THOUGHT, 729 


ordinary operations of arithmetic, can be formed out of 
the units or elements we start with. Thus all rational 
integers form a system; we can compound them, but 
also resolve them into their elements. Where we intro- 
duce new elements or units we only arrive at cor- 
rect laws if we are careful to cover the whole field or 
system which is measured by the application of the 
fundamental operations of arithmetic. Throughout all 
our abstract reasoning it is the fundamental operations 
which remain permanent and unaltered, — a rule which, 


icason for tlua cormeetiou is now 
completely cleared up. The theory 
of algebraical numbers aud Galois’s 
‘ theory of equations ’ have their 
common root in the general theory 
of algebraical systems ; especi- 
ally the theory of the .system of 
algebraical numliers has become 
at the same time the most im- 
portant province of the theory of 
numbers. The meiit of having laid 
down the first beginnings of this 
theory belongs again to Gauss. 
He introduced complex numbers, 
he formulated and solved the 
problem of transferring the 
theorems of the ordinary theory 
of numbers, above all, the pro- 
perties of divisibility and the re- 
lation of congruence, to these 
complex numbers. Through the 
systematic and general develop- 
ment of this idea, — based upon the 
far-reaching ideas of Kummer, — 
iJeclekind and Kronecker suc- 
ceeded in e^J^blishing the modern 
tlieory of the system of algebraical 
numbers’* (Prof. Hilbert in the 
preface to his ** Thooric der Alge- 
braiachen Zahlkbrper,” *Bericht der 
Math. Ver.,’ vol. iv. p. 3). In the 
further course of his remarks Prof. 
Hilbert refers to the intimate con- 
nection in which this general or 
analytical theory of numters 
stands with other regions of 


modern matheriiatical .science, not- 
ably the theory of functiouh. ‘‘We 
thus see,” he .says, “how aiith- 
metic, the queen of mathematical 
science, has conquered large do- 
mains and has at^sumed the leader- 
ship. That this wa,s not done 
earlier and more completely, seems 
to me tf) depend on the fact 
that the theory of numbers has 
only in <iuite recent times arrived 
at maturity.” He mentions the 
spasmodic character which even 
under the hands of Gaus.s the 
progress of the science exhibited, 
and says that thi.s was characteristic 
of the infancy of the science, which 
lias only in recent times entered 
on a certain and continuous de- 
velopment through the systematic 
construction of the theory in ques- 
tion. This systematic treatment 
was given for the first time m the 
last supplement to Dedekiml’s edi- 
tion of Dirichlet’s lectures (1394, 
4th ed., p. 134). A very clear 
account will also be found in Prof. 
H. Weber’s ‘Lehrbuch der Algebra’ 
(vol ii., 1896, p. 487, &c.) He 
refers (p. 494) to the different 
treatment which the subject ha.s 
received at the hands of its two 
principal representatives — Prof. 
Dedekind (1871 onwards) and ILron- 
ecker (18B!i)— and tries to show 
tlie connection of the two methods. 
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as we saw above, was vaguely foreshadowed by Poaeoek, 
and expressly placed at the head of all mathematical 
reasoning by Hermann Hankel. In passing it may also 
be observed how the notion of a system of algebraical 
numbers, which belong together as generated in certain 
defined ways, prepares us for the introduction of that 
general theory of groups which is destined to bring order 
and unity into a very large section of scattered mathe- 
matical reasoning. The great importance of this aspect 
is clearly and comprehensively brought out in Prof. H. 
03. Weber’s Algebra. Nothing could better convince us of 
algebra. the great change which has come over mathematical 
thought in the latter half of the nineteenth century 
than a comparison of Prof. Weber’s Algebra with stand- 
ard works on this subject published a generation earlier. 

I have shown how the definition of algebraical 
numbers has led to an extension and generalisation of 
the conception of number. Another question simultane- 
ously presented itself, Does this extension cover the 
whole field of numbers as we practically use them in 
ordinary life ? The reply is in the negative. Practice 
64. is richer than theory. Nor is it difficult to assign 
the reason of this. Numbering is a process carried on 
numbers, practical life for two distinct purposes, which we 
distinguish by the terms counting and measuring. Num- 
bering must be made subservient to the purpose of 
measuring. Thus difficulties arising out of this use of 
numbers for measuring purposes presented themselves 
early in the development of geometry in what are called 
the incommensurable quantities : taking the side of a 
square as ten, what is the number which measures the 
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diagonal ? Assume tliat we prolong the side of the scjuare 
indefinitely, we have a clear conception of the position 
of the numbers 15, 20, 30, &c. ; hut what is the exact 
number corresponding to the length of the diagonal ? 
This led to the invention of irrational numbers : it 
became evident that by introducing the square root of 
the number 2 we could accurately express the desired 
number by an algebraical operation, liut there are 
other definite measurements in practical geometry wiiich 
do not present themselves in the form of straight lines, 
such as the circumference of a ciicle with a given radius. 
Can they, like irrational quantities, be expressed by 
definite algebraical operations ^ Practice had early in- 
vented metliods for finding such numbers by enclosing 
them within narrower and narrower limits ; and an 
arithmetical algorithm, the decimal fraction, was in- 
vented which expressed the process in a compact and 
easily intelligible form. Among these decimal fractions 
there were those which were infinite — the first instances 
of infinite scries — progressing by a clearly defined rule 
of succession of terms ; others there were which did not 
show a rule of succession that could be easily grasped. 
Much time was spent in devising methods for calculat- 
ing and writing down, e.g.^ the decimals of the numbers 
TT and 

It will be seen from this very cursory reference to 
the practical elements of mathematical thought how 
the ideas or mental factors which we deal with and 


^ The trauscenrleut nature of the 
numbers e and tt was first proved 
by Herniito and Prof, Lindeinann. 
The proofs have been gradually 


sirnpUfied. A lucid statemetit will 
be found in Klein’s ‘Famou." 
Problems,’ p. 49 sqf/. 
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Oountmg 

and 

measuring. 


string together in mathematical reasoning are derived 
from various and heterogeneous sources. We begin 
with counting, then we introduce measuring; in both 
cases we have definite elements or units which may 
serve to express order or quantity or both, and we 
have definite conventional operations ; then we have 
symbols which may denote order or quantity or oper- 
ation. With these devices we perform on paper 
certain changes, and we get accustomed to use in- 
discriminately these heterogeneous conceptions, arith- 
metical, geometrical, algebraical — nay, even dynamical, as 
when Newton introduced the conception of a flow or 
fluxion. As mathematics is an instrument for the 
purpose of solving practical problems, skill in al- 
ternately and promiscuously using these incongruous 
methods goes a very long way. Geometrical, mechan- 
ical evidence helps frequently where pure logic comes 
to a standstill, and pure logic must help and correct 
where apparent evidence might deceive us. Mathe- 
matics and science generally have always progressed 
by this alternate use of heterogeneous devices, and 
will probably always do so. The straight line of pure 
logic has but very meagre resources, and resourcefulness 
is the soul of all progress. But though this may be 
so in practice, there are two other interests which govern 
scientific reasoning. There is the love of consistency and 
accuracy, and of clean and transparent, as distinguished 
from muddled and scamped, work. The latter leads 
inevitably into serious errors and paradoxes, as the 
great mathematicians, Gauss, Cauchy, Abel, pointed out 
early in the century. Mathematics then frequently 
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exhibited the slovenliness of a man who talks at the 
same time in more than one language, because he is 
too negligent to arrange his thoughts clearly. Then 
there come in the demands of the teacher who has 
to introduce abstract and difficult subjects in a clear, 
consistent, and simple manner, taking heed that with 
the elements he does not introduce the sources of 
future error. The same interest that led in ancient 
times to the composition of the Elements of Euclid has 
led, in the higher education of the nineteenth century, 
beginning with the Ecole Polyteehnique and ending with 
Weiers trass’s famous courses of lectures at Berlin, to 
a revision and recasting of the whole elementary frame- 
work of mathematics. In the mean time the resource- 
fulness in applied mathematical thought which ever 
since the age of Newton has characterised the in- 
dividual research of this country, has opened out new 
vistas and afforded much material for critical siftings 
and strict definitions. Both qualities were united in 
the great mind of Gauss with a regrettable absence of 
the love of teaching and the communicative faculty. 
Like Newton’s ‘ Principia/ his greatest works will 
always remain great storehouses of thought ; while his 
unpublished remains might be compared to the Queries 
appended to the ' Opticks * and to the ‘ Portsmouth 
l^apers.’ '* 

Several eminent mathematicians in France, Germany, 
and Italy have been for many years ^ working at the 


1 The literature of this sub- 
ject has been rapidly increasing 
since the year 1872, — the ap- 
proximate date of the following 


publications, which created an 
epoch : R. Dedckincl, * Stetigkeife 
und irrationale SSahlen ’ (Braunsch- 
weig, 1872); E. Heine, “Die 
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clearer enunciation of the fundamental conceptions of 
the science, and though the ways in which they 
approach the subject are different, a general consensus 
seems to be within view as to the elementary definitions. 
The main difficulty lies in the introduction into pure 
arithmetic of the ideas which are forced upon us when 


Elemente der Functionenlehre ’’ 
(‘Journal fur Mathematik,’ vol. 
Isxiv. p. 172, 1872). This paper 
refers both to Weierstrass’s and 
Cantor’s theories ; H. Kossak, in 
the pamphlet referred to above 
(p. 712, note). This contains the 
principles of Weierstrass’s theory ; 
C. H, Mdray, ‘ Nouveau Prdcis 
d’ Analyse infinitesimale ’ (Paris, 
1872), The first comprehensive 
publication of Georg Cantor be- 
longs to the year 1883, ‘Grund- 
lagen einer allgemeinen Mannig- 
faltigkeitslehre ’ (Leipzig, Teub- 
ner). It was preceded by various 
articles in the ‘ Journal fur Mathe- 
matik,’ vol. Ixxvii. p. 257, vol. 
Ixsxiv. p. 82, and ‘Math. Ann.,’ 
vol, XV. p. 1, in which he had in- 
troduced and defined several of the 
terms and conceptions that have 
since become generally accepted in 
writings on this subject. These 
earlier publications, by — or refer- 
ring to — the pioneers in this new 
province of mathematical thought, 
were followed by a number of 
further expositions by Cantoi*, 
Dedekiucl, and Weierstrass. The 
principal writings of Cantor have 
been republished in the ‘ Acta 
Mathematica,’ vol. H. Prof. Dede- 
Mnd published in the year 1888 an 
important pamphlet, ‘Was Bind 
una was sollen die Zafilen,’ and has 
incorporated many of the results of 
his researches in his later editions 
of Diriehlet’s ‘ Lectures’ j whilst the 
lines of reasoning peculiar to Weier- 


strass have become better known 
through the wiitings of his pupils 
and the collected edition of his 
mathematical works which is now 
in progress. A complete biblio- 
graphy IS given in three important 
articles in vol. i. of the German 
‘Math. Encyc.’ by Profs. Schu- 
bert (p. 1, «&c.), Prmgsheim (p. 
48, &c.), and Schonflies (p. 184, 
&c.) Important works, giving a 
summary and analysis of these 
various researches, now exist in 
the mathematical and philosophical 
literature of France, Germany, 
Italy, and England. Like the non- 
Euclidean geometry, the subject 
has attracted considerable atten- 
tion also outside purely mathe- 
matical circles. Notably Cantor’s 
writings have been exhaustively 
dealt with from a philosophical 
point of view — in Germany by 
Walter Brix (Wundt’s ‘Philoso- 
phische Studien,’ vol. v. p. 632, 
vol, vi. pp. 104 and 261), and by 
B. Kerry, ‘System einer Theorie 
der Grensj-begriffe ’ (Leipzig und 
Wien, 1890) ; in France by M. 
Louis Gouturat, ‘Be I’Infini ma- 
thdmatique ’ (Paris, 1896) ,* and 
latterly in this countey by Mr 
Bertrand Bussell, ‘The Principles 
of Mathematics,’ vol. i. (Cambridge, 
1903). Italian mathematicians have 
also dealt largely with the subject, 
notably G. Peano, who published 
an important work, ‘ Arithmetices 
principia nova methodo exposita’ 
(Turin, 1889). 
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we apply the counting process to the needs of geometry 
and physics. We are here confronted with notions 
which require to be arithmetically defined — the in- 
finite and the continuous. The same notions at the 
beginning of the century attracted the attention of 
eminent analysts like Cauchy. It is now clear, thanks 
to the labours of Prof. Georg Cantor of Halle, that oe 

° Georg Oan- 

for mathematical purposes we must distinguish between 
the indefinitely great and the actually infinite in the 
sense of the transfinite. To deal with the actually 
infinite, as distinguished from the immeasurably or 
indefinitely great, we have to introduce new notions and 
a new vocabulary. Por instance, in dealing with infinite 
aggregates, the proposition that the part is always less 
than the whole is not true. Infinities, indeed, differ, 
but not according to the idea of greater and smaller, of 
more or less, but according to their order, grade, or 
power (in German MaiMigkeit), Two infinities ai'e 
equal, or of the same power, if we can bring them into 
a one-to-one correspondence. Prof. Cantor has shown 
that the extended range of numbers termed algebraic 
have the same power as the series of ordinary integers — 
one, two, three, &a — because we can establish a one-to- 
one correspondence between the two series — Ic., we can 
count them. He has further shown that if we suppose 
all numbers arranged in a straight line, then in any 
portion of this line, however small, there is an infinite 
number of points which do not belong to a countable or 
enumerable multitude. Thus the continuum of numeri- 
cal values is not countable — it belongs to a different 
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grade of infinity ; it has a higher, perhaps the second, 
power.^ 

In all these, and in many similar investigations, a 
conception has gradually emerged which was foreign to 
older mathematics, but which plays a great and useful 
part in modern mathematical thought. Older mathe- 
matics, ever since the introduction of general arithmetic 
or algebra, centred in the conception of equality and in 
the solution of equations. Everything was reduced to 
magnitude. But there are other relations besides those 
of magnitude, of more or less. Often in practical pur- 
suits, if we cannot find a counterpart or write down 
an exact numerical equation, we can gain information 
67. by a correspondence. This conception of correspondence 
Correspond a great part in modern mathematics. It is the 

fundamental notion in the science of order as dis- 
tinguished from the science of magnitude. If older 
mathematics were mostly dominated by the needs of 
mensuration, modern mathematics are dominated by the 
conception of order and arrangement. It may be that 
this tendency of thought or direction of reasoning goes 
hand in hand with the modern discovery in physics, 
that the changes in nature depend not only or not so 
much on the quantity of mass and energy as on their 
distribution or arrangement. 

With these reflections we touch the limits bf mathe- 


1 A summary of Prof. Cantor’s 
work is given by Prof. Scbonflies 
in the ‘Encyklop. Math. Wiss.,’ 
vol. i, p. 184 sqq. The importance 
of accurate definitions and distinc- 
tions regarding the infinite and 
the continuous is dwelt on and 


the different recent theories set 
forth in a very lucid address to 
the London Math. Society by Prof. 
Hobson, *‘On the Infinite and In- 
finitesimal in Mathematical Analy- 
sis,” November 1902. 
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matical thought and enter the region of inetapliysics 
Like other lines of reasoning which have occupied us 
in former chapters, the exact and rigid detinitions and 
deductions of arithmetic and geometry lead us up to 
that other large department of our subject — jDhilosophic 
thought. Many eminent mathematicians of recent years 
have noticed this tendency, and have urged the mutual 
help which arithmetic and geometry on this side, logic 
and psychology on that, may <lerive from each otliei'. 
The names of Helmholtz, Georg Cantor, and Dede-* 
kind in Germany ; of M. Tannery and M. Poincare in 
Prance , of Peano and Veronese in Italy, stand prom- 
inently forward aliroad , while England can lioast of hav- 
ing cultivated, much earlier, ])y the hands of De Morgan 
and Boole, a portion at least of this borderland, and of 
having in recent years taken up the subject again in 
an original and independent mannerd Cayley, in his 
address to the British Association in 1883, has said: 
“ Mathematics connect themselves on the one side with 
eonimon life and the pjhysical sciences ; on the other 


^ I refer to the importfint but 
unfinished works of Mr Whitehead 
on ‘Universal Algebra’ (vol. i., 
1898), and of Mr Bertrand Busseli 
on ‘ The Principles of Mathematics ’ 
(vol. L, 1903). T must defer a 
more detailed appreciation of these 
and other writings of this class, 
such as those of the late J^rof. 
Ernst Schroder (‘Algebra der 
Logik,’ 3 vols,, 1890-95) and of 
Prof. Gottlob Frege (see an 
account of his writings in the 
appendix to Mr Bussell’s ‘ Prin- 
ciples ’). They belong largely to 
a department of philosophical 
thought which may be termed 

VOL. II. 


“ the Philosophy of the Exact 
Sciences.” This deals with two 
great questions— the logical found- 
ations of scientific reasoning, and 
the general outcome and import- 
ance of scientific thought, not for 
technical purposes, but in the 
great edifice of Imman thougiit 
which we may term Philosophy. 
Tt deals with what has been 
called “■ the Creed of Science” 
and its value. Stanl^ey Jevons 
and Prof, Karl Pearson in this 
country, Prof, Mach hi Gexmiany, 
and M, Poincartli in Prance, have 
treated the philosophy of science 
in one or both of these aspects* 

3 A 
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side with philosophy in regard to our notions of space 
and time, and m the questions which have arisen as 
to the universality and necessity of the tiuths of 
mathematics and the foundation of our knowledge of 
them ” ; and . he subsequently refers spocially to the 
''notion which is really the fundamental one under- 
lying and pervading the whole of modern analysis and 
geometry,” meaning the complex magnitude, as deserv- 
ing to be specially discussed by philosophers. Be- 
ginnings of the philosophical treatment of this and 
other questions indeed exist. The questions are still 
suh jiulice, and the historian can merely refer to tlieir 
existence and importance. 

There is, however, one controversy which has arisen 
out of these and similar speculations, and out of the 
desire to bring unity and consistency into the funda- 
mental notions of elementary as well as higher mathe- 
matics, which deserves to he specially mentioned, because 
it occupies a prominent place in foreign literature, hav- 
ing given rise to a special term, and thus commanding 
more general attention. Prof. Klein of Gottingen, under 
whovse master-hand many abstract ajid obscure subjects 
have become plain and transparent, has prominently 
brought the subject before the sciejiitific public in a 
68. recent address.^ I refer to the tendency represented 
ingtendeifcy in its extreme form by the late Prof. Kronecker of 

niiaathe- 

iriatics. Berlin, to reduce all mathematical conceptions to the 
fundamental arithmetical operations with integral num- 
bers, banishing not only all geometrical and dynamical 
conceptions, such as those of continuity and flow, but 
1 ‘ Ueber Arithmeiisiruag der Mathematik ’ (Gottingen, 1805). 
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also such apparentl}' algebraical iioLioiis as those of 
irrational and complex (piantities. This attempt is an 
outcome of the school of Weierstrass, which has done 
so much to banish vagueness and introduce precision 
into modern text-books. 

Opposed to this so-called arithmctising ^ tendency is 
the e(|ually emphatic view, strongly urged by tlie late 
Prof. Paul Du JJois-lteymond in liis general theory of 
Functions, that the separation of the operations of 
counting and measuring is impossible, and, if it w'ere 
])ossible (as, since the publication of his work, the fuller 
expositions of Kronecker and his followers have tried to 
show that it is), would degrade mathematics to a mere 
jday with symbols.'-^ He tries to show that sucli is philo- 
sophically impossible, and linds a support for his view in 
the liistorical genesis of the idea of irrational numbers in 
the incommensuralde magnitudes of Euclid and ancient 
geometry. Prof. Klein in his address favours the 
arit^hmetical tendency as destined to introduce logical 


‘ The term seems to have been 
eoiacd by Kroneokei*. See Prof, 
rriuj^sheim in tlie Enoyklop. 
Hath. WiHH.,’ voi. i. p. r>S, note 40. 
Kroueoker’h position is set forth 
in Journal fur Math,, vol, ci. pp. 
1S87. 

- ^‘The separation of the cou- 
oepUon of nujriber and of the 
analytical sj^rnhols from tlie con- 
ception of magnitude would reduce 
analysis to a mere formal and 
ht(*ral skeleton. It would degrade 
this science, which in truth is a j 
natural science, although it only I 
admits the most general properties j 
of what we perceive into the donaaiu 
of its researches ultimately to the 
rank of a mere play with symbols, 
wliereiu arbitrary meanings would 


be attached to the signs as if they 
w'ere the figures <m the cliessboaixl 
oi on playing-cards. However amus- 
ing such a play might be, nay, 
liowever useful for analytical pur- 
p(;seR the solution would lie of the 
problem, — to follow uji the rules of 
the feigns which emanated from the 
conception of magnitude into their 
last formal conse(iuences, — such a 
literal mathematics would soon 
exhaust itself in fruitless elForts , 
whereas the science which Oaubs 
called with so much truth the 
fecience of magnitude possesses an 
iuexhaustilile source of new ma- 
terial in the ever-increasing field 
of actual perceptions,” &c., &c. 
( * Allgemoine Eunc.tionen-Thconc*,’ 
1882, p, 54). 
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precision and consistency into the foundations of mathe- 
matics, and everywhere to further the very necessary 
process of critical sifting; but he denies that pure 
logic can do all, and points to the valuable assistance 
and suggestive power of geometrical construction and 
representation.^ Most of my readers will no doubt 
agree with this view. Indeed the perusal of the fore- 
going chapters must have produced on their minds the 
co-nviction that, so far as the advance of science and also 
of mathematics is concerned, it largely depends upon 
the introduction of different aspects leading to different 
courses of reasoning. The unification of all of these 
into one consistent and uncontradictory scheme, though 
it remains a pious hope and far-off ideal, has not been 
the prominent work of the nineteenth century, llatlier, 
wherever it has been attempted it has had a narrowing 
effect, and has resulted m a distinct curtailment of the 
great and increasing resources of Scientific Thought. 


^ Prof. Klein .suininaritees the 
opinion which he holds as to the 
present task of uiatbematical 
science as follows : “ Whilst T 

everywhere demand the fullest 
logical elaboration, I at the same 
time emphasise that ^jari 
with it the intuitive representation 
of the subject should he furthered 
in every possible manner. Mathe- 
matical developments which h.ive 
their origin in intuition cannot 
count as a lirm possession of science 
unless they have been reduced to a 
strict logical form. On the other 
side, the abstract statement of 
logical relations cannot satisfy us 
until their iniportanoe for every 


form of representation has been 
clearly demonstrated, so that we 
recognise the manifold connection.s 
in which the logical scheme stands 
to otliev departments of knowledge 
according to the field of apjdication 
which we select. 1 coinpai*e mathe- 
m.atical science to a tree which 
.stretches its roots ever deeper into 
the soil, and at the same time 
expands its branches freely ujj- 
w'ards. Are we to (jonsider the 
root or the branches as the more 
important part ^ The botanist will 
tell U.S that the question is wrongly 
put, and that the life of an organ- 
ism consists in the interaction of 
its various parts’* (foe, c?7., p. 91). 
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In the foregoing chapters I have attempted to set forth 
the chief conceptions which are contained in the scien- 
tific literature of the nineteenth century. l"pon these 
tlie scientific work of that period lias ])een founded or 
tliey are the results to which its scientific reasoning 
has led. The most important outcome of the scientific 
work of the century does not lie in the region of 
thought, but rather in that of practical application ; 
and this I have only incidentally referred to. Only 
in so far as it has reacted upon scientific thought, sug- 
gesting or modifying scientific ideas, has it been necessary 
to allude to it. 

My readers who have so far accompanied me may he 
struck by one feature which, indeed, is characteristic 
of scientific thought. Our survey has presented such 
thought as broken up into a series of different aspects ; 
and although certain connections between these aspects 
have been occasionally pointed out, no attempt has been 
made to combine them into one comprehensive or united 
view. The reason for this is to be found in the nature 
of scientific thought itself, which, proceeding by a definite 
method, starts from the great variety of i>heuomena which 
surround us in time and space ; the only assumption 
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which science is obliged to make being the inevitable 
one that Nature is intelligible to the human mind, which 
is the same as saying that we must assume the existence 
of some kind of Order. 

There exists, indeed, in the human mind a further 
demand, which may be defined by saying that the con- 
ception of order in Nature or of its intelligibility sliould 
not be held merely as a formal iteration, but should l»e 
expressed as a highest Unity by some term which conveys 
to our minds something more than the idea of an empty 
form. Trom this demand there have further arisen at 
all times various attempts to g’iv(‘ cxpiessiou to the 
ideas of unity, of simplicity, and of the significance of 
the whole scheme of existence which we call Nature. 
Such attempts do not form part of purely scientific 
thought. They are speculations for which those prin- 
ciples of science that are capable of exact enunciation 
dn not suffice. They have, indeed, frequently ajypeared in 
the literature of the nineteenth century. ‘But although 
there are isolated cases where scientific authorities of the 
first order have indulged in them, such authorities liave, 
as a rule, shown an increasing reluctance to deal with 
fundamental questions or witli principles which extend 
beyond the limits of scientific thought. We liave no 
examples in the nineteenth century of such intellects as 
those of Leibniz or Newton, However diflereiit these 
two great thinkers of an earlier age may have been, they 
had this in common, that for them the scientific and the 
religious aspects wore not only equally important, but 
equally occupied their attention. The charaeteristici 
difference was that Leibniz apparently strove after a 
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unification of scientific and religious reasoning, frequently 
to the disadvantage of both, whereas Newton kept them 
so distinctly apart that his immortal scientific works 
can be studied without any reference whatever to his 
theological writings. 

Tlie two positions represented by these two great 
men — namely, the attempt on the one side to unify 
or combine the scientific and the religious aspects, and 
on the other to keep them apart or contrast them — 
have, indeed, been adopted by many thinkers in the 
course of our period; but an attempt to do justice to 
sucli problems has been more usually considered the 
duty of philosophy par e.i:ccllvnn\ In the rare instances 
in which scientific authorities of the first order have 
ventured upon a solution of these problems, they have 
stepped outside of the limits of scientific reasoning: 
having, as it were, attempted to occupy the more 
impartial if not more elevated position of judges who 
assign to scientific reasoning its position and its value in 
the connected whole of human thought and interests.^ 

Consistently with the division of thought which 
underlies the present history^ and which has bean 
explained in the third part of the Introduction, I 
relegate the exposition of such theories to the second 2. 
part of this work, which deals with philosophical thought. 

The faA that in the course of the nineteenth cen- 
tury there have still appeared scientific thinkers who 
have not only attacked special scientific problems, but 
also the great universal world -problem, may well be 

^ Exarnpleri of tliiw will be found mond, and of Gustay Tlteodor 
in the writings of Andre Marie Fechner. 

Ainp^'re, of Einil r)u Bois-Rey- 
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noted as a connection, a bond of union, 1)6 tween those 
two great realms of systematic thought which, for the 
sake of convenience, I have kept apart in this historical 
survey. 

There are other features in the scientific thought 
of the period, as it has become known to us, which 
naturally lead up to a different treatment from that 
which is peculiar to science. In almost every instance, 
in following up the various aspects of scientific thought, 
I have had to show how they have brought us to 
problems which cannot be solved by the means which 
we call scientific or exact; and in many instances I 
have shown how the foremost scientific thinkers them- 
selves have been led up to inquiries wldch they have 
variously termed philosophical, metaphysical, logicjal, or 
psychological. Such has notably been the case with 
the ultimate conceptions of the atomic tlieory, of the 
doctrine of energy, and, still more, with the concep- 
tions which underlie the scientific treatment of the 
phenomena of life and consciousness. The further we 
have advanced from the simple nieclianical conceptions 
of motion and inertia or mass, into tlie phenomena 
of tlie actual world of natural objects which oxhilnt 
order, development, purpose, and consciousness, the 
more we have been obliged to make use of terms 
not capable of being defined by the simple catifgories of 
exact or mathematical thought; and with whatever 
;ieal some of the foremost thinkers have in the course 
of the centuxy attempted to express tliese more indefinite 
conceptions in terms of mechanical scienc(^, they have 
only partially succeeded, and have certainly failed in 
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banishing them from the scientific vocabulary. Such 
conceptions have always crept in again, proving that 
they are indispensable even to the purely scientific 
comprehension or description of natural objects, or of 
nature as a whole. 

It is not surprising, therefoi'e, that an independent 
examination of the ultimate conceptions which science 
makes use of, or which it evolves, should have been a 
task which has occupied some of the greatest intellects 
of our period, and that tlie problem arising from this 
should form a fitting transition from tlie purely scientific 
to the plulosophical portion of this history. 

Now, if we try to characterise in the briefest possible 
manner the general problems which scientific thought as 
a whole has definitely formulated and placed before the 
philosophical thinker, there are two words which stand 
out prominently as indicating the two grand and com- 
plementary conceptions which either underlie all scien- 
tific inquiry or result from it. The first of these has 
already been stated. We saw that exact or scientific 
thought assumes that there exists in Nature an in- 
telligible Okdeu. The closer definition of this order in 
the so-called laws of the cosmos has to be ascertained 
by experience, and lias been the subject of the fore- 
going narrative. The subject which remains for phil- 
oso])hical discussion is not any special form of order, 
but the fact that any kind of order exists at all, and 
that it is accessible to the human intellect. Clearly 
this is a (piestion which affects Nature, the object, as 
much as the human Intellect, the subject. 

But if the idea of Order underlies all scientific thought, 
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standing as it. wei’e at the entrance of scientific reason- 
ing, there is another idea which stands at the end of all 
scientific thought. This is the idea of Unity in its 
most impressive form as Individuality. It remains over 
as an ultimate empirical fact to which scientific reason- 
ing advances, of equal importance with order. 

These two conceptions of Order and Individuality 
likewise govern the two great divisions under which 
scientific thought has been studied by us — Ihysics and 
Biology. After reviewing in the first three chapters 
the characteristic attitudes taken up by the three lead- 
ing nations in scientific thought, I entered upon the 
four abstract conceptions — namely, Attraction, Atom- 
ism, Kinetics, and Energy — which are capable of strict 
mathematical definition, and which form the skeleton 
or framework around or in which the sciences of 
Astronomy, Dynamics, Physics, and Chemistry have 
arranged their various doctrines. They serve together 
to define more precisely the conception of the general 
order of things, appropriately termed the Cosmos. In 
the four chapters following upon these I dealt with 
tlie different conceptions under which a comprehension, 
not so much of the general order as of the special events 
and things of our world, has been gained. These con- 
ceptions, referring to the actual forms, the liisiory, the 
life and soul of tilings natural, have been likewise 
dealt with in four chaptei^s. On them the physics 
of the universe and of our earth, the sciences dealing 
with the organised and animated creations, have been 
built up. Beginning with a special kind of order — 
namely, that indicated by external figure — ^these sciences 
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have advanced through the study of the ciiauges of figure 
to an increasing appreciation of an iinderiying unity. 
In many of the organs of living creatures the unity 
seems to lie outside the organs themselves, as the unity 
of a machine which exists in the design of the maker 
adapting it to a certain purpose ; whereas in the ani- 
mated world it seems to be inside the objects of Nature. 
The sciences of life lla^'e according!}' forced upon us 
more and more tlie conception not only of order!}' 
arrangement, but also of a unifying principle — that 
is, Individuality. 

These two conceptions of Order and Individuality are 
as little new as aie the various conceptions of purely 
scientific thought, most of which, as has been shown, 
have been handed down to us from earlier times. They 
have accordingly been defined and studied by phil- 
osophers from antuiuity. The various positions which 
thinkers have taken up with regard to them daring tlie 
nineteenth century have, however, been characteristic 
of the age, and have been very largely influenced 
by the conceptions of Order and Unity which science 
itself has elaborated. In this connection it is of 
importance to note that the idea of Order or 
arrangement has only within the nineteenth century 
met with a comprehensive mathematical treatment ; and, 
so far as that of Unity is concerned, it can also he 
said that the mathematical sciences have in the course 
of the nineteenth century for the first time approached 
the analysis of the allied idea of Continuity, which 
indeed plays an increasingly important part in many 
scientific theories. It may even be liold that the 



748 


.SCIENTIFIC THOGGHT. 


4 . 

PiMctieal 
interests 
attaching' 1 
Order and 
IJinty. 


scientific mind advances from the idea of Order or 
arrangement to that of Unity through the idea of 
Continuity. 

If, however, these highest conceptions had been intro- 
duced to us by scientific thought in the form only 
of limiting ideas or highest abstractions, it is doubt- 
ful whether the special discussion of them would have 
attracted so much attention or occupied so many 
minds as has actually been the case. In many in- 
stances we found it to be quite sufiicient for the pur- 
poses of science that fundamental principles should 
be ilogmatically asserted, and that their usefulness 
should be the only proof of their correctness. If 
no other interest attached to the conceptions of order 
and unity than attaches, for instance, to the ultimate 
principles of dynamics, to atomism, or to the axioms 
of geometry, the number of persons who take up 
these refined studies would pi'obably be exceedingly 
small. The reason why the conceptions of order, unity, 
and individuality have received so much attention lies 
in this, that they have not only a logical meaning as 
instruments of thought, but also, as the words them- 
selves indicate, a practical meaning, being bound up 
with the liighest ethical and a^.sriietical, as well as with 
our social and religious, interests. The word order means 

o ^ 

something more than arrangement when we speak of the 
social or moral order ; the word unity is more than an 
arithmetical conception when we speak of the unity of 
action or of purpose, or the unity of design in art ; the 
word individuality actpiires a higher meaning in the 
term personality. Those thinkers who in the nine- 
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teenth century, as well as in former ages, have dealt 
exhaustively with these the most abstract and highest 
conceptions of which human tliought is capable, liave 
not been, or have onh' very rarely been, led to their in- 
quiries from the side of purely scientific interests , they 
have approached them with a full appreciation of the 
great moral and religious interests whicli lie hidden in 
tlie deeper significance which we attach to the words 
111 sta,rting, therefore, on the survey of philosophical 
thought, it would be quite inadequate to take scientific 
ideas as a suitable introduction. Whatever future ages 
may bring, tlie philosophy of the nineteenth century has 
ceitainly not been exclusively, or oven pre-emiiieiitly, 
scientific or exact. If philosojdiy has assumed the name 
of a science, it has done so in that larger sense of the 
word which, as we have seen, is peculiar to the Ger- 
man language. In this connection scientific treatment 
means sinqdy methodical treatment, whereas there is an 
increasing tendency in many circles to identify the word 
science with exact mathematical or positive treatment. 
The exact treatment of philosophical problems, such as 
has been attempted but only very partially carried out 
in tke systems of Auguste Comte in France and of 
Herbert S])eneer in England, belongs almost entirely tc^ 
a later part of that century, and forms, even then, only 
(»no side its large philosophical literature^ Philo- 
sophical thought liad a brilliant history in the earlier 
part of the century before the ideas of Positivism or 
of modern Evolution were much thought of. It will 
therefore be necessary in any account of philosophical 
thought to ascertain ami clearly define the positions 
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occupied by the great thinkers who governed and 
revolutionised the thought of earlier generations before 
the great generalisations of science, notably those con- 
nected with the ideas of energy and the theory of descent, 
could have had any intiuence whatever. Though the 
latter have acquired in recent tunes a great, perhaps 
an undue, importance, it will only be after becoming 
acquainted with an earlier and diilerent phase of philo- 
sophic thought that we shall have once more to return 
to those conceptions and trains of reasoning which must 
be uppermost in the mind of the writer as well as of the 
reader of the foregoing chapters. 

5. Ikit in starting on the historical account of an en- 

riie gtiO" 

ijraphicai uvely cliftereiit realm of thought, I shall not only have 
readers to enter into a new circle of ideas, 
which for a long time during the course of the nineteenth 
(-eiitury lay entirely outside of that circle of ideas with 
w'hich we have become acquainted so far ; we shall be 
assisted also by finding an entirely different geographical 
centre from which these ideas emanated. It has been 
repeatedly pointed out that the great volume of scientific 
thought with which we have hitherto been occupied, 
emanated in the latter part of the eighteenth century 
from the French capital ; and in the course of narration 
I hpc had to go hack almost in every single instance 
to the foundations laid in French scientific fiterature, 
I shall now have to invite my readers to give their 
attention to the peculiar features which were charac- 
teristic not of French but of German literature at 
the end of the eighteenth and the beginning of the 
nineteenth century. 
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The oeutie of philosophical thought (.lining the first 
half of the mncteeiith century lay as much in Germany 
as the eenbie of scientific tliought hiy, somewhat eailier, 
in France, It is true tliat in both cases, if we trace 
the movement a little further back, we come upon the 
powerful infiuences of English thought. Newton can 
be considered as marking the beginning of the modern 
era of scii?iitific thought; Locke can bo looked u])oii 
as having infused into philosophic thought much of 
its modern spirit. But though this must be conceded 
bo a large t^xteiit, it must also be admitted that 
the vscieiitific tliouglit of tlie nineteenth century for 
a long time received its special colouring through 
the lufiuence of the French mathematicians and 
naturalists, with Laplace and Guvier as their most 
illustrious representatives, while philosophical thought 
for a long time received its specific coh^uring from 
the idealistic inovemenb wliicli began with Kant and 
culminated in Hegel. And although it was again 
the specific influence of English thought which in 
the latter part of the nineteenth century diverted 
alike soientifle and philosophical thought from the 
channels in which they ran during the first half 
of the century, we have only very partially emanci- 
pattnl ourselves from the overwhelming influence which 
the conei^tions of the idealistic school of German 
[»hilosuphy have had upon the deeper philosophical 
thought of all three nations alike. Tlie features 
peculiar to that period are still strongly marked on 
the philosophical countenance of the age: neither the 
lights nor the shadows thrown by the great liuuin- 
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aries which appeared on the philosophical horizon of 
Germany a century ago have as yet died away. 

It will he the object of the second part of this work 
to trace in more detail this powerful influence, to define 
more clearly wherein it consisted, and to discover to 
what extent it still survives or is mingled with other 
influences, among which that which we have studied 
exclusively in the first part of this history will prove 
to have been one of the most important. 
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status, 94, 311 ; and hlewton com- 
pared, 96 ; inhnoiice in new Univer- 
sity of Halle, 160 , 215 ; schemes of , re- 
alised by the ^ Encyciopcdie,’ &c., 250 ; 
aiiproeuated educational work of the 
“Order of Jesus,” 256 ; Harvey, and 
Napier, 282 ; on the study of natural 
phenomena, 285 ; 311 ; his philos- 
oidiy, 385 ; system of philosoidiy, n. 
205, 344; “method of instances,” 
557. 

Bacon, linger, i. 249, 403, 

Baconian plnlosopliy, <lecay of, i. 306. 

Baden-Povvell, radiant heat, ii. 105; 
apologetic writings, 327. 

Baer, Karl Ernst von, his oj union on 
the ASiLtHrphi.lo»uphi('<i i. 207 ; em- 
iiryologist, li. 278 ; his labours, 299 ; 
qiiotejl, 3U6, 417 ; Lamarck and, 316 et 
heq, ; Huxley on, 322 ; genetic view 
in embryology, 330 ; 341 ; law of 
biogenesis, 349 , and Sclndluig, 354 ; 
idea of life, 409 ; embryo! ogical re- 
searches, 418 ; on “lUlfusion of life,” 
451; “orjjanicisin,” 455; 467, 533, 

Hagehot, Walter, quoted, ii.-558. 

Bailie, Matthew, Enghsli medical 
setenre, i, 268. 

Bailly guillotined, i, 147. 

Baily on Greeinvicli Observatory and 
the Rev. J. Flamsteed, i. 98. 

Biiin, ‘ The Senses and the Intellect,’ ii. 
51 1 ; 512 ; on psychology, 527 ; 608. 

Baker, H. F., on d'iflfemitial equations, 
i. 692. 


Balbi, 11 . 579. 

Balfour. Francis M , organic mor- 
phology, 11 214 ; 349. 

Ball, Su R. S , ‘Gravitation,’ i. 320, 
niemoir ol Helmholtz, ii. 63 ; gt-o- 
metrieal nieehanies, 101 ; his theory 
of scveivs, 655 , on Grassmanu, 656 ; 
on generalised notion cri distance, 
718. 

Ball, W. Rouse, ‘A History of the 
Study ol Mathematics at Cambridge,’ 

1 275, 321 , history of mathematics, 
11. 6S0. 

Banks. , Bir Joseph, i. S3, 155 : travels 
of, 11. 247. 

Burenhach, ‘ Herder alsVorg anger Dar- 
wins,’ 11 . 533, 

Parenspruiig, von, medical thermom- 
etry, 11 389 

Bareie, loundation of Ecole.s iiormales 
proposed, Ac , i. 312. 

Barlow, not member of any university, 
1. 239 

Barry, Martin, embryological observa- 
tions, 11 . 227, 228 

Bartels, frieiul of Gauss, u. 658. 

Barthez, vitalist, i. 126. 

Baryceutric Calculus ol Mobius, li. 655, 
681. 

Ba.sedow, “ philanthropinifim,” i. 166; 
crlueational work of, 256 ; 257 ; wa-s 
in.spircil by Rousseau, 259, 

B.ites, H. W., “ mimicry,” ii. 339. 

Bate.son, William, ‘Materials for the 
Study of Variations,’ ii. 364 ; stinly 
of variation, 614 ; 622 ; and Karl 
Pearson, 623 ; a^o'ees with Huxley 
against Darwin, 

Bathyinns, ii. 388. 

Bauer, G., mi Otto Hesse, ii. 677. 

Banmes, J. P. 'I’., ‘ Essai dhui systerue 
chimique de la science de riioniiiie,’ 
ii. 390. 

Baumgartner, i. 44 ; printed IMohr’.^s 
* Urn ter die Natur der Warnie,’ li 107. 

Haiitnha\ier, li. 565. 

Baur, ii. 109. 

Bavaria, Elector of, and Count Kum- 
ford, i, 248. 

Bayes, ii. 572, 

Bayle, value of w^ork of, i. 93 ; followed 
Newton, 96 ; French medical science, 

' 208. 

Bayne, Peter, ‘ Life and Letter.sof Hugh 
Miller/ 1 . 2S8. 

Beaumoriit, Elio de, doctrine of descent, 
ii. 322. 

Becker, G. F., on Kant’s theory, ii 
2S2 ; 284. 



756 


INDEX* 


Beckei’ on mortality statistiCvS, li. 0C6. 

Becquerel, E., phenomeiiou ot Unor- 
escence, ii. 62. 

Be<lson, Prol, ‘Memorial Lecture’ on 
Lothar Meyer, i. 427. 

Beer, physics, i. 44 ; ' Einleitiing in 
die Elektrohtatik,’ ii. 76 

Bell, Henry, built the “ Comet,” i. 303. 

Bell, John, i. 293 

Bell, Sii Charles, discovery oi the two 
kinds of nerves, i. 193, *292, 293 , ii. 
481 ; physiological discovery of, 230 ; 
and German iniivcisities, i. 251 ; of 
Bdinbnrgli University, 272 ; Bridge- 
water Treatise, n. 325 ; experimenUl 
l)hysiology,^384 ; ‘ Anatomy ol Ex- 
pression,’ 4/7. 

Bell, Sir Lowthiaii, phosphorus as fer- 
tiliser, 1 . 93 

Beltrami, the pseiido.spherc, ii. 635 ; 
supplements llieniaiin’H work, 713 ; 
717. 

Bence Jones, ‘ Life and Letteis of Fara- 
day/ 1. 246 ; Royal Institution, 246, 
248 


Beiieden, Van, on fertilisation, ii. 227 ; 
diHcoverv ot, 448. 

Beneke, psychologist, inlluenctd by 
school of Fries, i. 209; ‘^laculty- 


p^>chology,” 11 405 , introspective 

iiietliod, 527. 

Ben fey, I’lieodor, ‘Geschichte der 
8]iraoliiMssenaoluift/ i 245; h. 537 
Bentham, Jeremy, school ot, i. 84, 
Bentley, Richard, x. 169 ; uillnencfe ot, 
on German thought and literature, 
212; service.s to classical learning 
and criiKMsm, 222 ; lus theorie.s, 251 ; 
Newton’s philosophy and atheism, 
337 ; Newton’s letter to, 340. 
Bergmann, i. 117 : fori'niimer of Ber- 
zelius, 391 , iloctrine ol chemical 
allinities, 392 ; theoi’V of chemical 
aflimty, 452 ; clieinical theory of, li. 


Berkeley, and Hiimo, i, 47 ; ‘Theory of 
Vision,’ li. 472; space perception, 
504 ; genetic view, 506 ; jisycho- 
physical view, 531. 

Berlin Academy, language, ii. .536. 

Berlin, foundation ol University of, i* 
38. 

Berlin school of mathematicians, ii, 698. 

Bernard, Claude, “Association Fran- 
^aise,” i. 298 ; on identity of Animal 
and Vegetable Morpho]og>% ii, 219; 
quoted, 223, 410 ; * Phchiomcnes ilo la 
quoted, 224, 239, 370, 438 ; De 
Blainville, 247; ‘La Bcience Exp6rL 


inentale ’ quoted, 373, 376, 379, 384, 
385, 386 ; change ol ideas in medical 
.schools of Bans, 396 , 406, 409 ; 
‘ Rapport,’ 419 ; ‘‘ organisation et 
dcsorganisation,” 421; ‘llapport’ 
quoted, 426 ; 429 ; school ot, 431 ; 
the “internal medium,” 432; chem- 
istry oi the living being, 433 ; school 
of “ organ icists,” 436; •tationale of 
the mental process, 441; 442; “or- 
ganicisme,” 455, 467, 481, 504, 549 ; 
quoted 1)> Dai win, 610 

Bernard, Tiiomas, associated uitli Rum- 
ford’s philanthro])ic schemes, i. 249 

Bernoulli, I*).'!!!!!*!, tlie theory ot ju-ob- 
abilities, 1 . 120, ii. r»70 ; i. lV,5 ; hypo- 
thesis ot, 314 , on gravitation, (juoted, 
351; ‘ Hydrodynaiiiica’ (the kinetic 
theory oi'gases), 433 ; motion ot par- 
ticles of gaseous mattei, 13-1 ; on 
Euler's theory of the continuit> of 
the ethei, ii. S; ii-sychophisics, 474; 
572, 590, 694 

Bernoulli, James, took up the calculus, 
1 . 101 ; tile 11ieor> oi probabilities, 
120; n. 569; ‘I)c Aito coiijectaiidi,’ 
570 ; 572 ; theory ol error, 575 ; doc’- 
trme of chalices, 678. 

Bernoulli, John, look up the calculus, 

1 101 , tlie conservation of energy, 
ii. 99. 

Beriistortf, Minister \on, i. 158. 

Berry, A., ‘History of Astrononiv/ ii, 
2S‘2, 357, 302. 

Berthelott ipioted on cr>stal]ogra)>hy, 
i 117 ; Byntheso climiKpic,’ 418 ; 
‘Chimie organiqiie foiidec sur la H>u- 
tlie.se,* 454 ; ‘La Wyuthese clmnique’ 
({noted, 455, 457 ; a loundcr of ph,^s^ 
cal chemiistry, li. 152; third law in 
thermo -cl mm istr>, 157; chemical 
alUnity, 171, 177; quoted, 361; 
ehoniistry of organic compoiindK, 425, 

BerthoUet is.sued ' Aunale.s de (Jlnmic/ 

i, 41 ; ‘ Essai de Btatuim* cbimiqiie/ 
83, 116; chemistry at the Ecole nor- 
iiiale, 112; piaciicul discoveries of, 
147; gunpowder, iron, ^ steel, 148; 
152, 290 ; chemical saturation, 347 ; 
influenced by Laplace, 380 ; chem- 
ical equilibrium, 392 ; quoted, 416 ; 
heat a material aubstauce, 433 ; 
theory of cluiinical aflimty, 452 ; ii. 
15t ; law of mass-action, 157 ; {see 
0.stwald), 176. 

Bcrtliolon quoted, i. 327 

Bertin, M., ‘ Eapport sur le Brogre.a 
do la Thermodvaamique en France/ 

ii. 118. 
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Berti.iiiil, Joseph, quoted, i. 121, 124, 
^Caltul lies Probaliilites,’ 325 ; lut> 
‘ C'ak'ul dilh'reiitiel ’ reteiTe<l to ii 
l)4b. 

Bt-rzelius, lli-]iorts, i 42 , <*herjQistry, 44 , 
discoveries published. So : services to 
clieiuistiv of, 188 ; hiot'Kiphical, 189 ; 

Juliiesbeiieht,’ 190 ; otgaiuc analy- 
.^is, 190 , 191 , inllueiice ou C-reriuaii 
siiieiice, 208 , nieehanicai view lu bi- 
ology, ‘219 ; 220, 238 , experimentally 
proved Dalton’s atomic theory, 245 , 
and Fara<lay, 365 ; electrical action 
m cheniical processes, 366 ; chemical 
coinljination.s, 396 , elaborated Dal- 
ton's theory, 399, 400; dispro\es 
Prout’s hypothesis, 402 , 403 , eleLtvo- 
chemical theory, 404 ; oiiranic* (diem- 
istry, 407, 409; "•ladiclc” theory, 
41 J , death of the binary theorv, 412 ; 
111, 414; atomic theory, 116, 417; 
126 ; cliaractenstic of hyilrogeii 
ntoins, 430; theoiies of (diemical 
atfmiiy, 45*2 ; li. 154 ; clieinical re- 
sciindi, 159, 403 

Bessel, Pnedr. Wilh , services to as- 
tronomy of, i. 177; correspondence 
witli Chmss, 185, li. 652; i. 199; 
inedMirements of, 322, taught at 
Konigsberg, with Nenmaim ami n.ieh- 
elot, 11 . 54 ; popular work ol, 149 ; 
on (lauss, 636 ; functions of, 696, 

Beshel-Sellmeier hypothesis, li. 54. 

Beutli fomidecl industrial schools in 
PiiisMa, 1. 166. 

Bevenvijck, i. 282. 

Bewick, wood engraver, ‘ British Birds,’ 
1, 2S9 

Bieiiut, works ol. i. S3 ; not among the 
aeiidemicians, 326; biological labours 
of, 194, 11 . 313 ; i. 195, 200 ; rnorpho- 
lomeal study of natural objects, ii. 
231 ; the science of biology, 381 , 
** Vitalism,” 383, 384; 386, 387, on 
hte, 394; doctrine of energy, 399; 
102 ; quoted, 406 ; school of “ organi- 
eism,” 436 ; vital force, 503. 

Billroth, Pi|>f , ‘ Lehren iind Lernen der 
mcdiciiuschen Wissenschafteii,’!. 197 ; 
19 S; influence of English science on 
medical studies in Germany, 208 ; 
({noted on services of Eant to Ger- 
man science, 219. 

Biogenesis, ii, 451. 

Biology a German science, i. 193 ; grew 
out of science and philosophy com- 
bined, 216 ; essential unity of sciences 
of, not yet recognised in Germany, 
220 ; British contributions to, 282 ; ii. 


208^ 312 ; vagueness of tbeoiies el, 
370 ; oscillation ot thought, 37 4 ; 
415 

Blot, expel iiiu'iital physics, i 44, 200 ; 
fall ot stones at TAiifle, 328 , lus dis- 
covery, 431 ; opposed to iindulatory 
theory of light, ii. 16, 21 ; member 
of Cemuussioii of Pans Academy ot 
Sciences corn^ietition, 1819, "25 ; 

lateiality,’' 27 ; influenced German 
thought, 101 . 193, 508. 

Biran, Maine de, ‘ Wemoirc sur rhabi- 
tiide, 1 83 

Biscboil', Theod , eaibrvologyj u. 227 , 
30U , quotf-d, 3S1, 387 ; address ou 
Liebig, *191 

Bjeiknes, A,, on Aliel, 1 184, 185, ii 637. 

Black, Joseph, disi'overed eaibonic acid, 
1 . 115, on latent heat, 229, 399, li 
192 , Scottish universitv professoi, i 
272, and Lavoisier, 386, 387; 391, 
400; tornmla* ot, 436; biogiapliical, 
11 162 . attitmle to science 'that ot a 
luedii al man, 103 

‘ Blackwood’s Edinburgh Magazine ’ 
}»ublished, 1 . 273. 

Blair, Hugh, i 273 

Blenuerhusset, Lady, on De Statd, i. 17. 

Block, statistics, ii. 557, 563 ; quoted, 
501, 566 * Statistiqiie morale,’ 579. 

Blomstrand, ‘ Die Chemie der Jetztzeit,’ 
1, 430. 

Bliimeiibaoli of G(jttingen University, 
1 . 165, 194, ii 247 ; fos.sil collec- 
tions, 248 ; inti lienees Herder, 532. 

Boekh, .science tor its own sake, i. 211 ; 
212 ; classical luarniug of, 222 ; 
‘Logos epitaphio.s’ on Wilhelm von 
Humboldt quoted, 263. 

Bode’.s law, i. 422. 

Bodeiihausen, i. 104. 

Bodenstedt, ‘ Mirza Schafty,’ i. 213, 

Bochmer, Dr Heinrich, ‘Gesch d. 
Entwick. d, Natunvisweuschaftiiclien 
Weltanschauung in Deutschland,’ ii. 
531. 

Boerhaave, i 144, 175 ; and the medi- 
cal .schools of Germany, 208 ; 268 ; 
atoms and wossulcr^ 398 ; epigenesis, 
li. 298. 

Bohmer, “liberta.s docendi,” i. 164. 

Bohn, u. 107. 

Bolmenbergex-’s gyroscopic instrument, 
xi. 61. 

Boileau reterred to by Voltaire, i. 105. 

Boltzmann, Ludwig, lectures on Max- 
well’s theories, i. 251 ; quoted, ii. 90 ; 
176, 186, 188, 695; availability,” 
697. 
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i. 161 ; a pupil of Gauss, 181 ; 
father and sou, and Gauss, ii 052 , 
710, 713. 

Bolzano, Bernhard, on uutUilatory 
theory of light, ii. 10 ; on the inliinte 
amt conyergency, 709 , and Camdi^ 
compared, ib, , Stolz on, ih. 

Bomare, Valinoiit de, first course of 
natural history at Pans, i, 106. 

Bonahl, l)e, on origin of language, i. 23. 

Bond, Br, ii. 565 

Bonnet, Charles, regular arrangement 
of leaves, ii 223; ^Echelle des 
(‘ties,’ 23S ; “evolutionist,” 27S : 
279 ; epigenesis, 298 ; 322, 519 

Bonnet, Ussiaii, ii. 704. 

Boole, George, neglect of, in Enghiml, 
1 , 247; 272; and niodoin school of 
mathematics, ii. 676 ; Stanley Jevmis 
on, 684. 

Bopp, language, ii .540, 542. 

Borda, i. 113, US. 

Borden, vitalist, i, 126 , vital force, ii. 
503, , 


Borel, Kunl, his lectures, ii. 704 

Borelli, medicine in alliance with 
l)hy.sios, i 126. 

Boseovich, Ifoger, theories of molecular 
attraction and repulsion, i. *>57; 
metaphysical theonst, 371 ; 416 ; on 
the nature of matter, 419 , applica- 
tion of theory of gravitation to mole- 
cular physics, ii. 29 ; gravitation as a 
general pljysical theory, 353. 

Bos-sut, 1 . 107. 

Bougamville, pupil of the Keolc nor« 
male, i, 112; 113 

Bouillier, M., quoted, i. 107, 308 ; 
‘Eloges de Foutenelle,’ 135, 

Boulton, use of the term “ horse- 
power,” li. 99, 

Boussinesq quoted on transmiKsioii of 
vibrations of etlier to iionderablc 
bodies, ii. 54 

Boussingault, agricultural chemistry, 
ii. 393 ; 406 ; bacteriological work, 
415 ; quoted, 441, 

Bowen, criticism of* Ye-stiges,’ ii. 319. 

Boyle Lectures, Bentley’s, i. 169, 

Boyle, floih Robert, Newton to, i, 312 ; 
and Lavoisier, 386 ; atoms and mrfss- 
398 ; law of pressures, 425 ; 
427 ; law of, 429 ; ii 592. 

Boys, Prof., determination of force of 
gravitation, 320. ' 

Bradley, i. 158 ; observations of, titiUsed 
' by Besselb ,177 ; 238 ; , aberration of 
■ light, ii. 10 : astronomical aberration, 
194. 


Brandt, Sebastian, i. 163, 

Braun, Ale\., spiral theory, ii. 22') , 
268 , tpiqted, 269 

Bravais, ‘Etudes crvstallogiaphiqiU's,’ 
i. 443. 

Bival, edncatimiahst, on Boussenu. i 
2.59 ; 260. 

Brewster, Sir D,, ‘ ijifc of Newton,’ 
1 . 98, 321, 342; experiments of, 23i» , 
quoted on foundation ol suggesteil 
“ British Association,” 238 ; never 
ado])tcd theories of \"ouug, ‘244 ; 
Scottish iimveiMty professor, 272 ; 
oppo.sed to undulatory theory of 
light, ii, 36 ; letter from Voiuig, "27 ; 
theory of undulations, 37 ; experi- 
mental woik of, 15 ; adlnu'ciice to 
projectile tlieoiy, 46; observed the 
phenomenon of huoresceiiee, .52 ; ‘245 ; 
ciiticism of 'Vestiges,’ 319; 4S2 ; 
steicoscftpe, 500. 

Bnanclion, ii. 660. 

Bridgewater Treatises, il 325. 

Briggs, Henry, ‘ Logarithmornm Cliihas 
jirinia,’ i 269, 

Bright, i. 272. 

Brill and N<fther, ‘Theory of Functions,’ 
i. 308; ‘Bcricht’ quoteci, ii, 657; 
700, 701. 

Brioscliiund invariant, ii. 685. 

Bnsseau, a idoiieer ol the cellular 
theory, li. 262. 

British A.ssnoiati(»ji, i. 42, 236 ; founded, 
89, 238 ; suggested by Brewster, 0j, ; 
Huccessful woik of, 239 ; Bir Cliarles 
Lyell on, 230 ; reports, ii. .54 ; 55, 58, 
73; nieethig, 163. 

‘ British Quarterly Review,’ (juoted on 
the two oMer universities, i, ‘254, 

Brix, Walter, ji. 734. 

Broc.a, speech, ii. 478, 479, 539. 

Brockhaus, ’ Oonversatious-Lcxicon,’ i. 
273. 

Brodie, ii. 362. 

Brongniart (see Cuvier), associated with 
Cuvier m pahroiitological work, i. 
139; excavations, ii, 248; explora- 
tion of Pans basin, 294. 

Brown, translation of ^Origin of 
Species/ ii. 322. 

Brougham, Lord, unfair ■ criticism of 
Young, i. 244 ; ‘ Edinburgh Review/ 
273 ; on Dr Young, ii, 9, 19. 

Bronssais, French medical science, i. 
208 ; phrenology, ii, 477, 

Brown, Crum, and Tait, Memoir of 
Tbonias Andrews, ii, 162 ; on Bainte 
Claire Devi lie and dissociation/' 

. /fQO 
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Brown, Jolin, i. 12t>. 

Brown, Jioljert, used the term (‘ell,” i. 
li)5 , scientific publications of, 2o0 ; 
not member of any university, 2dS , 
discovery of the cell nucleus, \i 2t5-4 , 
33S. 

Brown, Thoinah, ^ Cause and Eflect,’ i. 
84 ; 11. 511. 

Browning, niaturer thought of, i. 76 

Bracke, j. 198; jirotopl asm ic theory, ii. 
443 , language, 53S. 

Bruhiis, ‘Life of A von Humboldt,’ 
1. 23S, 11 225, 2r)3, 475. 

Bruno, nniniation of all matter, ii. 
359 

Briinsvick, Instoiy of, ii. 280 

Brvnn, Prol , second law of thermo- 
djnanncs, n 176; 595 

Bryce, James, quoted ou German uni- 
versities, i. 159. 

Buache, geography at the Ecole nor- 
male, n 1 12 ; 113. 

Bnch, von, on desomt, n. 330. 

Buclinei, I/., materialism, i. (JO; ‘Kraft 
uiid Stofl,’ ii. 320 , 323. 

Bucklaiid, Wm., i. 106; ]>aheoutologi- 
cnl vork of, 139; n 325. 

Bnclvli* (luoted, i 114 ; statistical 
im'tliod, 124 ; pkilosophy of, li, 340 ; 
statistics, 584, 599 ; 007, 008. 

Buee on imaginaries, ii 053. 

Butlbn, iiiiportance in French literature 
of, i. 105 ; 288 ; influence ot, ou the 
stu<ly of nature, 100 ; at the Jaidiii 
des Plantes, 1()7 ; philosophioal in- 
flueiico of, 111; 113; discouraged 
vit'W.s of Linnajils in ^Vanee, 117 ; 
119, 131 ; natural history of, 126 ; 
137, 142; ‘Thcorie de la Terre,’ 
1 44.; 288 ; against Clairault’s attempt 
to correct gravitation formula, 334 ; 
chussificatiou of natural objects, ii. 
2*41 ; 232 ; analogies of nature, 25.5 ; 
‘BpociUes de la Nature,’ 277, 309; 
322 , “organic molecuies,*’ 454, 010 ; 
155 ; intinences Herder, 532 ; 013. 

Bunge, ‘ Physiological Chemistry ’ 
.liioted, ii. 378, 425, 420, 434. 

Bunsen, if iron von, relative iherits of 
Young and Cliainpollinn, i. 244 ; 
‘ Egypt’s Wace in Universal History,’ 
245, 

Buusen, il W. von, i, 412 ; cicsinm 
atnl rubidium, ii. 49 ; spectrum 
analysis, 57» 

Burali Forti, ii. fJ50, 

Bnrbnry, ii. 595. 

Burt'kh'ardt, J. K., calculates orbit of 
CVres, i, 182 ; lunar theory, 329, 


Burkhardt, H., on Ruliini, ii. 688; on 
Eieuiann, 098, 700 

Buinet, Thomas, i 283. 

Burnett, Janies. See Loid Monboddo 

Burns, healtliy spirit of, 1 . 78 ; 212, 
285. 

Burnside, Ills ‘Theory of Groups,’ ii, 
691. 

Butler^ jihilosopliy 111 English universi- 
ties represented by, i. 254 ; apologetic 
writings of, ii 325 

Biitschli, on fertilisation, ii. 227 ; foam 
theory, 427; ‘ Mechaiiismiis und 

Vitalisimis,’ 4G3. 

Buys Ballot and Bosco\if]i's theory, 
i. 3.59 . Do]>pler’s principle proved in 
acoustics, 11 . 49. 

Byron, revolutionary spirit of, 1 . 78. 

Cabanis, alliance with medicine, i. 126 ; 
127 ; * ncvoliitions de la Mcdecine ’ 
135; 1.52; * Itapports dn PhysKpk* 
et du Moral do 1' Homme,’ ii. 409 ; 
Ins simile, 470, 503 ; scdeine of man, 
471 ; language and gramiuur, 529 ; 
532. 

Oiesaljnnus, arrangimient of leaves of 
plants, ii. 223. 

OuiS«ar, N.apoleou compared with, 1 . 153. 

Ciosimn loiind by Kirchhoff and Bun- 
son, ii. 49. 

Cailletet, condensation of permanent 
erases, 1 . 316, 

Caloric, il. 154. 

Calvin, direct nifUience of, on Scotland, 
i 253 ; educational work of, 255. 

‘Cambridge Mathematical Journal,’ i. 
41. 

(Jampbell und Caruett, ‘Life of Clerk- 
Maxwell/ ii. 599. 

Camjibell, H. J., translation of Hcrt- 
wig’s ‘ The Cell'/ 11 . 265. 

Campe, eilitiou of ‘ [lobinson Crusoe,* 
i. 256 ; li. 324. 

Camper, 11 . 247 ; collection of fo.sRils, 
248 ; physiognomy, 477 ; influences 
Herder, 532. 

Cannizzaro showed the value of Avo- 
gadro’s hypothcsi.s, i. 427, 445. 

Cantor, M., history of niathoTuaties, ii. 
632 ; quoted, 633 ; 634, 680. 

Cantor, G., on theory of probabilities, 
i. 322 ; ii, 630 ; a new chaiiter in 
mathematics, 634 : 734 ; on the trails- 
finite, 735, 737. 

Caiullary action, t 356, 

Carbon tetrahedron, the, i. 450. 

Carlyle, influence of, on Eiigli.sh style 
ami language, i. 22; first to give 
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specitic ineauiiig to the word Thought, 
26, ‘Life of Schiller.’ 134, 171; 
(quoted, 11. 520 ; 528, 531, 608. 

Carnot, Hijjpolyte, Sadi Carnot’s ‘Puiss- 
ance Motrice,’ ii. 118 , referred to, 
130. 

Carnot, L. M N., on con elation, ii. 
lOU, 138, 658; Chasles on, ih. 

Carnot, .Sadi, valuable researches utilised 
by Helmholtz, Thomson, and Joule, 

1 . 201 ; absolute scale of temperature, 
315 ; the steam-engine, 331 , mech- 
anical theory of heat, li 305 ; jirac- 
tical character ot his labours, 117 ; 
‘Puissance Motrice,’ quoted, 118, 
122; analogy between liow of water 
and of heat, 122 ; heat theories, 
123; perpetual motion, 121, 126; 
and Joule, 128 ; dissipatiou of energy, 
130 ; lirst detinite use of new con- 
ceptions ot power and work, 137 ; 
Ills theory rcterrod to, 139 ; second 
law of thermo-dynamics, 175. 

Carocher, i. 113. 

Carpenter, labours of von Baer, ii. 302 ; 
608. 

Carruthers quoted on Hugh Miller, i 

2StS, 

Cartesian physical philosophy, i 4r33. 

Carus, C. J , phrenology, ii. 477. 

Cams, Victor, ‘ Geschichte der Zoologie,’ 
1 130, ii 213 ; comparative anatom- 
ist and the NaiurpMiosojthie, i. 207 ; 
‘Gesehichte der Zoologie’ (pioted, ii. 
220, 221, 230, 234, 237, 2J9, 2G0, 
265 : Goethe, Oken, and the genetic 
view, 317. 

Ca.s&im, i. 107, 113 ; aatronoiuical con- 
stants, 322 ; the motion ol‘ light, in 
10 . 

CataboUsnj, ii. 395, 442, 

Cauchy, Augmstin, mathematics and 
physics, i.’45 ; 188 ; theories of ela.stxc 
forces in solid Bodies, 360; properties 
of ether, n. 33, 38 ; theory of elasticity, 
31, 41 ; molecular rese^irches of, 43; 
analytical method of, 45 ; referred to, 
54 ; scliool of, referred tn, 93, 100 ; 
induenred (Jerman thought, 101 ; his 
reforming inliucnco, &c., 636; and 
Gauss, 637 ; Abel on, ih,; Combes on, 
ib.; his memoir on definite integrals, 

• 639; Legendre on, ib, ; 040; his 
‘ Courn d’Analy.se ’ quoted, 647 ; on 
Poncelet’s principle, 660 ; 080, 683, 
690 : and Eiemann, 693, 695, 697, 
704, 706; 707, 732. 

Cavendish, discovered hydrogen, i. 135 ; 
155; scientific discoveries of, 229; 


not member of any university, 238 , 
important jiapcrs ol‘, lost, 277 ; 
measurement of giavitation, 320 ; 
Ttieasiiiemenls of, 343 ; lomided evact 
science of electricity, 347 ; discuvenes 
ot, 354 ; lesearches ot, 363 ; and 
Lavoisier, 386, 387; 391, 393, 

chemical equivalents, 418 , ii. 70. 
Cavendish Society, i. 43. 

Cayley, Arthur, and Plhcker, i. 242 , 
developed theories ol Boole, 247 ; 
doctrine of ‘ invariants,” ii, 340 ; 
on mathematics, 631, on “Curve,” 

‘ Euc\ clopiedia Britaiinica,’ 641 ; on 
“ deheieiicy,” ih. , on exten dial sys- 
tem ot numbers, 654 ; 670 ; geometry 
and modern algebra, 071 , 676, 684 ; 
bus great inemons cm Qnautios, 684, 
686, 691 ; on functions, 693 ; on 
non-metneal lekitioius, 713; on the 
“Absolute,” 715; on tlie “liiiagni- 
ary,” 736. 

Cell, autonomy of, ii. 8,0.5. 

Cellular theory, i 194 , ii. 260, 417 ; 

pathology, i. 395 
Celsus, medical works of, ii 267. 
Ceutiaii.satioij, ii. .'>21 
Century does not inherit all of the 
pa.st, 1 . 56 , niiietisiiith, the scientific 
cisitury, 89. 

Ceres, discovery and rediscovery of, j. 

54, 82 ; discovery of, 428 
Cliallis ami the discovery of Neptune, 
i. 277. 

Clmiriljcr.s, Robert, authorship of ‘ Ves- 
tiges,’ u. .318 ; 320. 

Chambers, Roliert and William, publish 
their Journal, i, 273 
Chambers’s Knoycloptvdia, “ ICilnca- 
tioii,” i. 257 ; iirst pnblishml, 273. 
Champollion, ‘‘hieroglyphics,” i, 244, 
Ohancc.s, science of, ii."56S 
Ohaptal, practical (hscoveries of, i, 117. 
Charcot, language, ii. 539 
Charles and Gay-Lussac’s law of 
temperatures, i. 425, 429. 

Charles, Duke <jf Wurtomberg, i, 1.33. 
Charles XI. built Greenwich Observa- 
tory, i, ffS; ii, 562. 

Chasles, Micliel, <pioted on Monge, i. 
114 ; synthetic method ii. 300 ; 
geometrical meclianics, 301 ; bis *Geo- 
rndtric siqiLTieure ’ quoted, .59*2, 658 ; 
670 ; i nil lately distant elements, 671 ; 
brilliant writings of, 673 ; eclipses 
German nmihenmticians, 673 ; 684, 
685. 

Ohiltelet, du, Madame, explained New- 
ton to Voltaire, i. 106. 
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Clit^niicnl Iahoi.ttoi‘i(‘s ehtaLhshefl, i. 

188. 

CliLMjiical symLolisin, i, 417 , atfiinty, 
iie;.;lect ut* the htiidy (4, 420, theoiy, 
ICojjp on, 421 , and physica] ve.isoii- 
<-‘oiiti.irsted, 424; atlinity, tiieoiies 
ol, i.Vj . affinity, a. 167. 

‘C'heinie, Oelileii’s Allnoiiieiiu*^ Journal 
lur,’ 1 . 41. 

' Dlirnii-'-ciie AimalBii,’ Crell’s, i. 41. 
CliBiiiistiy, li FivulIi science, i. 114; 
equivalents, ‘100; oifjatuc, 407; Lie- 
luii s detiiation oi, 400 ; siibir.titution, 
iJ>. ; “tyjit ” tlieojy, 411 , iiiiceitaiiity 
aliout theory in middle ni‘ cMitury, 
112, [K-riodie law, 422; structuial 
ami stereO'diemistry, 447 , eliange in 
detiiution of, 151 , ii. 480 , chaiij'e in 
ot‘.^aiiie, oOd. 

Chi' met, Marie - Jo.sepli, Ueport on 
From li liteiMtuie, i. 140. 

Clierbuliez, IS., • Ueher einige jiliysik- 
aliht he Aiheittiii Eulers,’ ii. 8; 
(juoti'd. Id. 

Clieselden, siiace - peicoittiou, ii. 474; 
505, 

Ohesteriiehrs, Lord, Letfcer.s, quoted 
from, i. 1()5. 

Chevalier, Aug., G-alois’s letter to, n. 

mi 

Chevemx, not memlier of any luaversity, 

i, 

Ohevreul, MlcchereheK .siir les C'oi‘i>.s 
gras d’origine aianuile, i. 454 , n. 400. 
•Clamie, Aimalejs de,’ issued Ly Der> 
tholJet, 1 . 41. 

*‘Cln*raUty” diseovered hy Pasteur, i. 
101 ; origin and meaning ol the word, 
II. 22 ; 447. 

Chladm, ‘Akitstik,’ i. 84; theory of 
(dastieity, li. 41. 

Chloral diseovered. )jy Liebig, i. 93. 
Chloroform discovered l>y Lieldg, i. 93. 
Christiansen and ICuudt, diseovery of 
anomalous dispersion of wave-motion, 

ii. 54, 54. 

Christie, not member of any universtty, 
i. 249. 

Oliristisori (^‘ Edinburgh Cniversity, i. 
272. 

Chronometers, i. 429. 

Chrystal, CL, PlueKer, ami Faraday, i. 
242; ‘Jobn Napier, Baron of Mer- 
ohiston,’ quote<l, 209 ; on David 
Gregory, 270 ; ‘‘ Magnetism,” ii. 75 
Chnrch on the spiral theory, ii. 224. 
Cicoro, ii. 524. 

Oinfmiaticpie,” the word introduced 
by Ampere, ii. 5, 


Circle, .squauiig oi the, ii. 124 ; division 
oi the, 728. 

Claiiiiult followed Newton, i. 90 ; his 
"Theoiie de la Figure de la Terie,’ 
99 , leierred to hy V'oltaire, 10b, 107 ; 
laatheuuitics made fashionable in 
France, 237; Laplace and, -319; 
lunar theory, 429 , attempt to cor- 
rect Newton’s law, 344 ; capillary 
attraction, 356, 378. 

C'lapeyron, i 379 ; suggested earlier re- 
searches of Clausm.s and Thomson, ii. 
117; Carnot’s ‘Puissance Mntnce,’ 
ns, heat .and work, 124, biographi- 
cal, 

Clark, J. W., and T M‘K Hiiglies, 

‘ Life and Letters ot Adam Sedgwick,’ 
1. 267 

Clark, Latimer, “AVebei ” unit, i. 469. 

Clai’ke, New'ton’s “ descriptive and 
calculating” philosnjdiy, i. 347; let- 
ter to Leibniz on giavitation <piutecl, 
440. 

Classics, foreign, superiority in number 
and quality of (iermau translations 
of, 1. 213. 

Classiiicatioii, n. 231. 

Clausius, Hudoli, on atoms, i 314; 
“Eutropy,” 316, li. 169, LSI, 184, 
.591 ; the kinetic theory oi gases, i. 
43-3, li S4, 162, 'Dio ineidiaiilsche 
Warmetheone,’ I 444, li 163, lo7 ; 
“on the average mean path of a par- 
ticle. ” i. 438 ; theoretical thernio- 
dyuamies, ii. 62 ; independence of 
Mayer’s writings, 97 ; ‘"work” and 
“ energy,” 115 ; unities the views of 
Mayer and the measurements of 
Joule, 116; “conservation ol en- 
ergy,” 128 ; “dissipation oi energy,” 
131 , labours ol', 133, 173; re, searches 
oi, 133; Prof. Unwin’s account of 
theories oi, 135 ; edaboration of Joule’s 
and Keguault’s e.\perimentR, 137 ; 
physical view of nature, 141 ; dyna- 
mical theory ol heat, 148 ; dissoci- 
ation, 164; “free energy,” 175; 
heat, 178 ; theory of probabilitie.s, 
590 ; thermo-dynamics, 603. 

Olavius quoted, ii. 287. 

Clebsch, A., on Julius Plucker, i. 242, 
li. 75, 76, 677. 

Clifford, W. K., “axioms of geometry,” 
i. 352 ; reflex action, ii. 620 ; “ mind- 
staifT” theory, 546 ; criticism of Clerk- 
Maxwell, 606, 608, 656 ; on Pwieniaim, 
704. 

Cohn, qixote<l, ii. 569. 

Colbert lecogmscil the practical value 
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of science, i. 98 , 134 ; first statisti- 
cal bureau, ii 561. 

Ooblnig, li. 107, 109 , indestructibility 
of force, 111, 125 , beat, 112. 

Coleridge imports plulosopby of Kant 
and Scbelliug into England, i. 17 , 
healthy spirit of, 78; ‘ Cbnstabel,’ 
84 ; iniluenoe on metaphysical studies 
of, 91 , lectured at Hoyul Institution, 
249, 264. 

College (le France, i 107. 

College et Ecole <le Chirurgiu, i. 107. 

Colllgnoii (see Combes), ii. 101. 

Collins, invention of the calculus by 
Leibniz communicated to, i. 101 . 

Colour, ii. 4S4 seq 

Combe, Geo., phrenology, n. 477 

Combes, Phillips et Collignon, ‘ Expose 
de la Situation de la Meeaniciue ap- 
phquoe,* ii 101 ; quoted by Valsoii on 
Cauchy, 637. 

Combinatorial school in Germany, n. 
6i2; analysis, Leibniz, (>79; Mae- 
Mahon o»q' \K 

Combustion, theory of, i. 389. 

Coinnmtntive principle, ii. 717. 

Compayiv, educatioiialist, on Rousseau, 
1. 259, 200 

Complex (luaiitity, ii. 643 ; interin*cta- 
tiou of, 653. 

Comte, Auguste, philosophy of, i. 18, 
61, 11 . 105 ; lus three stages of 
thought, i, 73; iiositivist theory of, 
8f) ; 306 ; ‘ Philosophie Positive,’ 307, 
308, iu 37, 239; scientific errors of, 
1 , 810 ; opposed to umlulatory theory 
of light, li. 37 ; and Dc Blainville, 
247, 266 ; theory of probalnlities, 569, 
608 ; 740. 

Oomtism, failure of, i. 72 

Coiidamiiie, La, astronmuical constants, 
1. 322. 

Condillac, ‘Essai sur les Origines <les 
ConiiaissanccK liuuiaines,’ i. 144; ne- 
glect of, by Napoleon, 149 ; his 
jgnonineo of physiology, ii. 471 ; 
laiiguago, 536, 

Oondorcct, importance in h'rcnch litera- 
ture of, i. 105; quoted, 110; educa- 
tional work of, 112; the theory of 
probabilities, 120 *, alliance with medi- 
cine, 126 ; Academic des Sciences 
morales et politiques, 1 45 ; suicide ol, 
147 ; ue^cob of, by Napoleon, 149 ; 
distinguishes education and in.strue- 
tion, 259, 260 ; statistics, ii. 570, 673. 

Conflict between the scientific and the 

' philoaonhioal views, i, 205. 

Conformal representation, Ganss and 


Rienuuiu on, n. 70O ; Ploltzmuller 
on, 7ol 

Congruences, theory of, ii. 723 , <-alculiis 
of, 724. 

Conrad, Pi of., ‘The German Umvensi- 
ties for the last Fifty Years,’ i. 159 ; 
quoted on Geiniau uiiiver.Nities, 160; 
‘Die Deiitscheii LJniversitaten,’ 197. 
198 

Connng, Hermann, statistics, i. 121, in 
555 ; political statistics, 562 
Consciousness, ii 516. 

Conserv'ation of force, i. 218 
Constable, his influence on painting in 
France, i 19. 

Constant, Benj., vimts Germany with 
Mmc. do Stacl, i. 17 
Continuity, of living forms, ii. 453 ; in 
geometry, 660. 

Coutinuoiis, the, ii. 643. 

Convention, tlecree on Acmlemy of, i. 
148 . 

< Jouvergeiicy of senes, ii. 646 
Conyheare, W. D , leport on the pro- 
gress of geological science, ii. 28], 
Cook, Captain, i. 52, 179 ; vetvages, in 
222 . 

Cooper, Asllcy, English medical .science, 
i. 208 ; no oomiection with the English 
uuiveisities, 272, 

Oo-operation, ii. 566. 

Cope, R J)., 11 . 271 ; uco-Lamarckiaiij 

3r>l. 

CoperiiicuM, i* 118; precursor of Kepler, 
317; stimulated star-gazing, 327 ; 
astronomical theory of, ii, 13. 
Coriolis, St Venaut quoted on. i. 369 ; 

practical school of, ii, 100. 

Cornu, “ Assofuitmu Francaisp,'’ i, 29S. 
(]mTes}>ondeiicc in mathematics, ii. 
736. 

‘Correspondent, Moimthche,’ Zach’s, i, 

^ 1 . 

Corti, arcades of, ii, 372. 

Cosnncal view, ii. 369 
Goanios, genesis of the, li. 360. 

Cossar Ewart on Jameson, i, 283, 

“ Co.st” as factor in imlustrv, iu 3, 55. 
Costo, .study of food fishe.s, li, 282. 
Cotes, Roger, ‘Aestiniatio ominim in 
mixta niathesi,’ i, 324; ^Hlest-ription 
and explanation of phenomena,” 337 ;i 
second edition of ^Principia,^ 851; 
preface to *Principia* misleading, 

Cotton, ,M, A., *‘Lfe Phiimoinene de 
Zeoniann/’ ii. 197. 

Coulomb, measurements of, i. , 848, 
362, 868, 369 ; founded exact Hciehce 
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ot electricity, 3-J7 ; torsion balance, 
360 ; atti action and repuLsidii ot 
clectrilieil bodies, 3t)l ; * 370 : two- 
lluid theoiy oi clectncit>, ib. . 
el<"ctvo-stalic fomiiila of, 371 , Yoniiw 
and, 11. 30 ; modern view of electrical 
idieiioiiieiia, 07 , 7‘2 ; releired to, 7S, 
92 , laws 01 , 79 ; practical school of, 
100; electiical theory of, 153, the 
atoiiiK' view ot natVire, ' ISS, 191, 
193 ; h9^ 

Oouiihii^^ and measuriii,'^, ii. 
roiipei. cheiiiical researches of, i 447* 
Coiii’citr, j^eoinetrical work of, i. 114. 
O'oiiiiiofc. testimony to work ot Gerniau 
univcisities, i. 225 
(Jotisin ‘-rinllolnied, i. 147. 

Cousin, Victor, testimony to vrork of 
Genmui universities, i, 225. 

Contiirai, L , ii. 734. 

Gowdey, 0<le on llacon, i. 96 
Cow^per, ‘Tlio Task,’ i 285; Letters, 
280. 

Crumei, ‘Analyse des licrnes eoiirlies,’ 
&c., li, 682. ' 

Onuvtord, i)r, inlliieiiced hy iJlack’s 
lectures, li. 102, 

Oreil’s ‘ C'lieiiusohe Aiinaleii,’ i. 4J. 
Crt'He’s ‘Journal fui die reine lunl 
iui*<ew'aii<Ite Matheniatik,’ i. 41, ISO, 
li. 58 ; correspondence with Guus>, 
I 185. 

Cremona, i ISS; quoted, li 605; 

]»ro\f»s Hteiner’s tlieoiNuns, 681. 
Critical methods, ii. 020. 

Crolton, JVT, W., ‘‘ Proliabilities,” ii. 
5f>9. 

Crouie, staUsties, ii. 579. 
fJrousted, inventor of blow'-pipe, i 117. 
fh'ookes, >Sir William, quoted on Pi’out’s 
hypothesis, i. 403 ; sodium vapour 
in the sun's utimisfiluive, ii. 48 ; cnl- 
periuieutsand iliscovirieig, 190; ‘'cor- 
puscular” theory of cathode rays, 
192; {see Hir Nornmn Loekyer), 361. 
Cruveiihier, French medical science, i 
208. 

(jrystullojjjraqliic and atomic laws, unal- 
OjLi^y beWeeii, i. 44 L 
(Jrystalloj^raphy, i, 116, 411. 

Ur\^sta^s, laws of formation of, Tlmiyts, 

1, 117 ; li. 222. 

CulJeu, niotapliysical leaning in medi- 
cine, i 126 ; 272. 

(hilverwell, ii. .595, 

i'nrie, gconudrical treatment of crystal- 
lography, i. 443. 

Gurrie, first use of thermometer at 
bedside, ii. 388. 


Cuitiu^, Ernst, ‘Altertbmn luid Geyeii- 
wart,’ 1 215 , on Eiitihsli tirch.c- 

nlogists, 294 , quoted, 295 ; on M. W 
Leake, 296. 

Curves, degree, clas.s, genus of, ii. 641. 

Cuviei, Georges, scientific report of, 
1 . 42, 152, 154, ‘Tableau^ and 
‘Leeoiis,* 82, 112; on Priestley as 
chei’iiist 11.5; on Haliy, IIS,' ad- 
vance 111 study oi uigamc life, 119. 
services of, to pr.nctical science, 125 . 
126 ; Elooe of Halk', 127 ; ‘ Le Ptc-ue 
iimnial,’ 12S , quoted, 129. 132, 141, 
116, 117, 150, 11. 249, makes iiervuns 
system ot animals the basis of elassi- 
licatioi), 1 130 , training oi, l;)3 . 

description ot the “ Karlscimhs” 13-J ; 
tile greatest repicseiitative of the aca- 
demic system, 136, first great his- 
toiian of science, 137 ; quoted on 
science and revolution, ,1'^^' : pakeon- 
tologieal work of, 139 ; Eloge of Ihnir 
crov, 110; tdementnry scientihe text* 
}»(M)ks, 143, nqtoit ol Fieiich Insti- 
tute, 149 ; educational institufions, 
1.55; 163, 172, mistrusted sjiecii- 
latne spirit lu science, 178, his 
ideas triumph over those of Geofi’roj 
St Hilaire, 179; 200 ; ni praise of 
Freucli science, 233 ; qiioteil on 
science in Faiglaiid 235 ; 264 , and 
llronguiai t, foumhu's of [aiheoutoiogy, 
291 ; 306 ; depreciated hy Comte, 
310 ; zoological labours, ii. 222 ; 
study of fossil remains, 225 ; ana- 
tomical djsscction, 232 ; zoological 
work, 235 ; morphological aiirl ana- 
tomical study of aninia! life, 237 : 
classlfieaiions, 238, 239, 254,; fos- 
•sils, 210; rtqeds irle-a of Eclielie 
des Otres,” 213: conti'ovcrsy with 
Geoflroy, 216, 253; finlieontologv, 
247; “catastroplusm,” 250, 251 ; and 
“theory of analogic-;,” 25 i ; the 
(piestion of the fi.\it.v of s]ic*cies, 
256 ; combats influence of Uken, 
259 ; exteiivsion of morphological 
view, 260, 266 ; influence of, 270 ; 
'UssemeiiR fos.silos,’ 277 ; exploratuui 
ot Pans basin, 291 ; one-sideil in- 
fluence, of, 300, tlOl ; and Buifon, 
309; Eloge dc Lamarck, 316; views 
of Damarek and Geoffroy, 321 ; and 
Newton, contrasted with Darwin, 
841 ; a fomidor of comparative an- 
atomy, 386, 406; “vortex,” 422; 
751, 

“fJyclical ” view, ii, 286. 

Oyclopjedia, Niehors, i. 330, ii. 133. 
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iCyclopeedi^s, i. 273. 

Cyriacus of Ancona, aivlia'ological 
pioneer, i. 295 

iC'zapski, ‘ Tlieorie der oi)ti‘'C*heu lustru- 
meiitenacli Abbi'*,’ ii 14, 229. 

fCl/eriiiak, language, li. 538. 

■Cziilitir, Etuiii.inuel, theory of probabili- 
ties, 11 . 568 ; method ot least squares, 
.576. 

Dacier, Report on the progress of His- 
tory and Ohissical tiiteratiue, u 149. 

Dag lien e, })hotography, ii. 506. 

DaFilmami, “theoietical politician,’’ i- 

311. 

D’Aleinhert, coutrilnitions to tlie Rn- 
1 yclopedie, i. 34, 144 ; Itis uiij)Oit- 
ance in Pieindi literature, 105 ; 
theory of prol labilities, 120 ; 215, 234, 
237 ; the cure of sinaUpo\% 284 ; 319 ; 
mathematical study ot \ ibiatioii.s, n. 
16; “ iiieasiire of lorce,'* ‘Traite de 
Dynauiiiine,’ 100 ; statistics, 571 ; on 
tniietioTiN, (594 

Dallas, u. 349. 

.Dalton, diihii, ‘New System of Uhem* 
leal Rhilosoiihy,’ 1 . 83; atomic theoiy , 
189, 260, 5585, 394, 415-417, 419, 125, 
426, 428, li. 180 : sciuntilm iliscov- 
cries of, i. 229, not meiuher of any 
university, 2538, 272 , neglect of, in 
England, 215 ; arithmetical mind of, 
216'; furnished lexis for lectures 
in Oernuiu universities, 251 ; 265 ; 
soienco of meteorology, 286 ; 2953, 

312, JjDl ; heiit a material siihstauce, 
433 , formiihu of, 43t? ; analog v be- 
tween mystallograpluc and atomic 
laws, 4U; hi.s atomic theory insnlli- 
eieiit, 451 ; atomic theory referred to, 
li, 19, 20. 557, 95, 153, 151 ; colour 
blindness, 505. 

Dannecker educated with Cuvier, i. 
DTI. 

Dantis, i. 261. 

Dauton, u 107. 

Darwin, Charles, constructive ideas of, 
1 . 81 ; eminence ot writings of, 105; 
179 ; letter from Sir (diaries Lyell on 
British Association, 210; theory f>f 
descent, 201, ii. 5321, 406; fnruislied 
texts for lectures in German univer- 
sities, i. 251, 310 ; ‘ Cirripedia’ mon- 
ograph, 2853; * Autobiography, ’ ib. ; 
nature - lover, 287 ; and GUbert 
•White, 290 ; 297, 5512 ; roferreil to, 
ii. 1S6 ; value of Ins visits to illstant 
countries, 207 ; studies of organic 
life, 209.; law of descent, 214; con- 


ceptions of, 246 , and Owen, 267 , 
theory ot pangencsis, 271, 454 , writ- 
ings of, 301, 306 , ij09 , on Lamarck. 
318, ‘Oiigin ol Siiecics,’ 326, 329; 
‘ Lih* and Letters,’ 3 j 8 ; and Mal- 
thas, 331 , ‘ Oiigm of Species’ quoted, 
3-36, Bates's “Mimetic Butterflies” 
339 , and Newton compared, 341 
rt seg. ; “natural selection,” 351, 
354; 431, 437; livluidisation, 5373 , 
“filial causes,” 403; 408, stiuggle 
for existence, 418 , 421 ; enviioii- 
inciit. 430 ; coiiliict in nature, 4*51 ; 
135, 436, 451 ; (pioted, 457 , and 
Weismann, 160 ; 467, 470 ; ‘ Ex- 
pression (>{‘ Emotions,’ 477 ; .511, 
514 , evolntion, 530 ; and flerdei’s 
evolutionism, 53;5 ; language, 540 ; 
587, 1107 , variation in iiiiture, m»8 ; 
on meiitiil idieuomeiia, 609 ; on “pan 
genesis,” 610 ; 621 ; two novel points 
of licw ot, 62 i. 

Dai win, Eiasmus, anticipated Lam- 
arck, i 201 , 285 , colour sensations, 
11. 482. 

Darwin, Fianeis, ‘Life and Tetters of 
Oliiirles Darwin,’ li. 329. 

Darwin, G. II., ‘Tin* Tides,’ li. ‘282. 

Darw'iri, itobert W., colour sensation, 
li. 48‘2. 

Darwinism, i. 251, li. 386; and hnal 
cansiis, 411 ; in Germany, 436. 

Daubenton at the (Jollege de Fi;ance, 
1 . 107; natuial history at the Ecoles 
normales, 112; 113; collection of 
fossil lemains, li. 248. 

Daimoii, Acndcmie des Sciences mor- 
ales et politiqnes, i. 145; 16‘2, 

Davy, Sir Humphry, eksdro-chcmical 
discoveries of, i. 83, 189, 363 ; scien- 
tilic work of, 229 ; science in Eng- 
land, 234 ; not member of any uni- 
versity, 238, 272; opiiosed Dalton’s 
atomic theory, 245, 246; studied in 
laboratory of Royal Institution, 249, 
264 ; educated Faraday, 265 ; un- 
connected with Cambridge niathe- 
niatical school, 266 ; electric action 
in chemical processes, tf66 ; decom- 
I»osition of Ho<la and potash, 391, 
404; electro - chemical theory, 405, 
45‘2; salts and acids, 410; attitude 
to Dalton’s theory, 417 ; attitude 
towards the atomic theory, 418 : 
428 ; chemical application of elec- 
tricity, ii. 92; electro-chemistry, 93 ; 
h(*at and chemical change, 103 ; atti- 
tude to science that of a medical 
man, 103 ; vibratory view of heat, 
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104 , indestnictilulity of force, 111 ; 
the dynaiuicMl theory of heat, 12S ; 
If)!, agiiciillural clienjistiy, 391. 
Dawson, John, 1 . 267 
De Bary, emhryological studies of 
plant lile, li. 228. 

De Blamville, indehtedue&s of Cu\ier 
to, 1. 130 ; organisation, u. 236 ; 239 ; 
‘Cuvier et Geoffrey Saint Hilaire/ 
247, 255; ‘ Osteographie,’ 2.57; 266; 
unity ot organisation, 207 ; “com- 
position et <U'couipo.sitiau/’ 421 , 
school of, 431. 

Decade })hilosophiqne iidiculed the 
fall of meteors, i 327- 
De Cainlolle, A. I\, botanist, ii. 222; 
theories ul symmelvy, 223 ; ‘Organo- 
graphie vi'actale ’ quoted, 230, 236, 
261, 'ifif), 266, ‘Theorie I'deineiitaire 
de la Jhitani<iue' rpioted, 235; luor- 
phologioal view, 239 , quoted, 240, 
242, 269, reguLirily and symmetry 
in organic nature, 241 , symmetry ot 
tonij, 243 ; appreciation of (loelne’s 
woik, fj 11 OK'd, 214 ; intlueiice ol, 276. 
Decher (see Olansiiis), ii. 135, 

Decimal tractions, ii. 615, 731 
Dedekind, It , hiographical notice of 
Iliemann, i. 352 ; and Dinchlet, ii. 
721 ; 726, 729 ; on irrational nuui- 
hers, 733, 731, 737. 

De Dcrundo, i. 149 
I)e llaeii, i. 208. 

Deluge, S\eh, hision^ ol the study of 
orgame, life, ii. 232; ‘ L’ Heredity et 
les gramls pvohlumes dc la JBiologie,’ 
26.5, 361, 371, 372, 4 14, 45.5, 458, 459; 
M/lieiedite quoted, 271, 298, 31S, 
319, 106, 121, 4^7, 417, 161 ; sirueturc 
ol piolophism, 3,70; schciol ot “ox*- 
gameisHi/’ 436. 

Do la Hire, ii. 664, 067. 

Dehuuhre, i. 113; report of French 
Institute, 149; (iiiotcd cm statistical 
metliods in France, 153. 

Dtdamhn* and Uuvitir, scieniitic, reports 
i»r, i. 42, 

Deiainniy, lunar theory, i, 329. 

De Luc, utluckH on Hutton, in 291. 
JDenuierit.us of Ahdera, founder of 
utninistie theory, i. 385; animation 
of all matter, U, 369. 

De Moivro, iloctriue ot ebarmes, ii, 678. 
Di‘rand, geometrical work of, i. 114, 
!)wrhaiu, Ih* Wm., * Physical 'rheology/ 
ii. 564. 

Deseurtt^s, comitruetivc system of, i. 
75 ; and Bacon, 84 ; 123 , 137 ; and 
the pUiloHOphy of Kant, 222; Drder 


ot Je.sns, 256 ; Har\ey’s discovery, 
282 ; discovery of retlex action, 
292, ‘Les Passions de I’Ame,’ 293, 
311, 313, Ins philobO])hy ainl New- 
ton’s contrasted, 338 ; qimlitate.s uo- 
ciUtfr, 351 ; Snell’s experiments m 
deiiectioii of light rays, 366 ; develop- 
ment ot kinetic view, li. 6 ; Euler’s 
opposition to, 8; theoietical liydro- 
ilyiiamics, 58 ; oldei vortex theory 
and, 62 , the measure ot force, 100 ; 
mtlueiice on German philosophy, 205 ; 
theory ot vortices, 3b0 ; a founder of 
modern physiology, 37S , study of 
biology, 379, 380 , idea of lile, 409, 
410, school of “ organicisnie, ’ 436, 
455; 470, 519, 638, 641, 697. 
Descent, theory of, i. 201. 

Descriptive geometry, n 658 H 
Deshayes, history of inveitebrates, ii. 
2 >9, Lamaick, 010 

Destructive .spiiit in writings ol eigh- 
teenth century, i. 78. 

Destntt de Traey, ‘ blcologie,’ i. 83 ; 
alliance with medicine, J26 ; 152 ; 
ideologist, n. 472. 

Determinaiiih, n. 682; history of, W. 
Devekqnnent, study of, n. 264. 

Deville, Saiute t’laire, ii 162. 

De Wettc, theologian, intluenced by 
school of Fries, i. 209, 273. 
Diamagnetism, ii. 74. 

Dickson, J. 1) H , quoted by Galtou, 
11 619. 

Diderot on the geiie.si.s of new words, n 
21 ; his Encyclopedic, 31, 114, 215, 

“ Dielectric,” ii. t>8 

DiflV.ieiitial equations, geuerxil^ theory 
of, li. 692 ; SophuK Lie on, ib 
“ Dijfraciioii/’ FresnePs memoir on, li 
25, 27. 

Dilthoy, ‘ Scldeiermacher.' i, 279 
IhngtdilcT, ‘ Topol ogi.sche Stinlieu,’ ii. 
64. 

DUigler’s ‘Polytechnic Journal/ ii. 
134, 

Dint, Uli.sse, on theory of functioiis, li, 
704. 

Dioijis dll Sejouv, death of, i. 147, 
Dinchlet, bvjeuiic, lectures on muthe- 
luatical physios, i. 44 ; discourse on 
Jxicobi, 185; <pioted, 186, 188, 189; 
Fourier’s sevie.s, 241 ; on Steiner, ii, 
676 ; 680 ; ami Fuurn*r, <>94; hi« and 
ThomHon'.s ]>riuciple, 700, 704, 70S ; 
721, 726, 728. 

Dissociation, ii. 163 
DLstributian, li. 566, 

Doheroiiier, i, 190, 
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Dohni. Anton, sea-snle laboratory 
founded at Naples, ii 232. 

Ddllingtir, fgnaz, evolutionist, and the 
Xaiiirj}hUQH(}2)hie, i. 207; scientific 
researches, n. 299 ; 303. 

Dollond, not member of any university, 
1. 238 ; astrouoiriical instruments, 
322. 

Domesday-Book, ii. 555. 

Ponders, on laiignage, ii 538. 

Domier’s rendering of the Greek dram- 
ati'its, 1. 213. 

Doppler, LMiunciuted the principle of 
lluiiicr’s discovery, li. 10; his prin- 
ciple of wave-motion, 49. 

Dove, meteorology, i, 205. ‘ 

Downs, 0. G., 11 . 579 

Dreyfus-Bnsac, testimony to work of 
German universities, i. 225. 

Driescli, blans, li. 342; “ organicisme," 
455 ; works of, 456 ; 463, 549. 

Drobisch, psychologist, ii. 494, 497 , 
pretensions of statistics, 586. 

Driide, i’.. li. 38. 

Drummond ami Edinburgh Univeisity, 
i. 269 

Drunnmmd, Henry, n. 326 

Drumnioml, Thomas, spectrum analysis, 
i. 278 

Duality, principle of, in geometry, ii. 
H65 

Dublin school of matheinaticians, i, 
27 1, li. 673. 

Du Uoifc-fleymond, Emil, on the intio- 
dnctiou of new ideas from abroad, 
X, 16; 45; liunts of the knowahle, 
r<;) , 106 ; the spemilat ive tendency in 
scnmce, 179; ‘ Bedcu,’ 188, *215, li. 
119 i‘t : ‘ (j<‘diichtmssrcdo auf 
.loh. Miiller.’ i 198, 293; voltaic 
electricity, 199; quoted, 216, li. 
270, 381 ,'469, 178; meelmnical view- 
tif biology, 1 . 219 ; Bell’s doctrine, 
293 ; ‘ Akademie der deutschen 

Sprache/29S ; ‘Ge.berdieCrnmzendes 
Natiirerkeii liens,’ 318 ; objections to 
Kirchhoirs definitionot ‘•nnjchanie*^,” 

. 38.3 ; vesearelies of, ii. 208 ; Kloge of 
Johaiimss Mixller, 3»84, 419, 482, '191 ; 
revolution in physiological studios, 
396 ; ‘ Researches in Animal Elec- 
tricity,’ 397 ; 401; position in vitalistic 
cmittoversy, 403 ; essay on Vital 
Force, 405 ; 408, 409, 411 ; on the 
]U*inciple of natural selection , quoted, 
414; vitalism, 434; Darwin versva 
Galiani/’ quoted, 435; * ‘ Exercise/' 
436 ; active nervous system, 438 ; 
anniml electricity, 475, 476 ; 481 ; 


principle of redex action, 519 ; 546, 
743. 

Du Bois - Ileymond, Paul, services to 
scientific reasoning, i. 45 ; 103 ; 

‘ Grundlagen der Erkenntinss in den 
exacten Wissenschaften,’ 341 , 377 , 
gravitation “ unknowable,” 352 ; 
kinetic theory of gases, 433 ; works 
of, 11 . 631, 705 ; theory of functions, 
704 ; on arithmetising, 739. 

Du Chdtelet, Madame, letter from Vol- 
taire to. 1 . 105. 

Duchesne, physiognomy, ii. 477. 

Duolos, on education, i. 259. 

Ducos quoted, i. 109 

Dufay, controversy on electric fluid, i 
362. 

Duhamel, mechanics, , i. 44 ; taught 
metallurgy at the Ecole des Mines, 
107. 

Duheni (see Prof. Ostwald), ii. 159 ; 
labours of, Eforstmann, 170 ; thermo- 
dynamic potential, 173 ; ‘Mecamque 
chimique,’ 173 , chemical equilibrium, 
175. 

Duhrhig, E , ‘ Kntische Gescluchte <ler 
allgemeinen Principien der Mechamk/ 
11 97, 101; historical and controversial 
writings, 107. 

Diijardm, Felix, sarcode, ii 264 ; defini- 
tion of a cell, 265. 

Dulong and Petit, specific heat of bodies, 
i. 428, 429. 

Dumas, * Lemons sur la Philosoiihie 
chimique.’ i, 114 ; revive.s Front’s 
hypothesis, 402, 403 ; explanation of 
“isomerism” 406; the '‘radicle’' 
theory, 409 ; attack on electro- 
cheimcal tlieory, ^6. ; 410; “type” 
theory, 411; 413; attitude towards 
the atomic theory. 418 ; quoted, 421, 
ii 370, 441; i. 4ii2, 428; spectro- 
scopic obsei'vationsj \i 361; ^Es.sai 
de Statiejue chimique des Etres 
, organises/ 392 ; substitution in eheiu- 
istr>% 393 ; 406. 

Dnnckei, G., statistics of variation, ii, 
622. 

DUiiUer, ii. 531. ^ 

Bupiu, Charles, il 579 ; 658. 

Duteus, ‘ Luibnitii Opera Omnia/ ii. 
280. 

Dutrochet, Bell’s theorem, i. 293 ; ii. 
230, 261. 

Dynamics, li. 5 ; and statics, 144. 

Eckevniann quoted, ii. 253. 

'Boole centroie des Travaux publics i, 

112 . 
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t^cole (les Pouts et Cliaus&etibj i 107 
jScole uoiniale Miperieuve, i. 112, 113, 

HIcole polytechuique of Pans, i. 112 ; 
used as model for German poly- 
, teclmic schools, 16P>. 

Ecole vet(U‘inaire d’Allort, i. 107. 

Ecoles de Saute, i. 113; founded at 
Pans, StrasPourg, and Montpellier, 
1J2. 


Economics and 1 oology, ii 416. 

Edgeworth, Pro!., “The Law of Error,” 
ii. 676. 

' Ednihnrgli Magazine and Ileview ’ 
issue<l, i. 273. 

‘Edinburgh Pi,eview,’ literaiy criticism 
of, i. 84 ; ‘J33 ; quoted, 234, 235, 236 ; 
on Euglish unnevsities, 254; 270; 
lust issued. 273; Brougham's attack 
on Young, li. 19. 

Eihson, phonograjih, ii. 490 

Education, and instruction, i. 258 ; 
libt'i’al, ideal of, 266. 

Edu(‘ational contliet on discipline, i. 


Educational effoits in dilferent countries, 
i, 262 c/ ; in Scotland, 253 , liter- 
ature of Switzeilnnd, ib. 

Educational institutions, French, i, 112. 

Educational organisations in England, 
1. 262. 

Edward, Thomas, shoemaker and zool- 
ogist, L 287. 

Edwards, George, ‘ History of Birds/ i. 
2S7. 

Edwards, Milne, ‘History of Inverte- 
brates,’ ii. 239; Lamarck, .310; Hux- 
ley on, 322; “ phy.siologlcal division 
ot labour,” 306. 

Elirenberg, ‘Ueber Loilmitzens Meth- 
ode,’ li. 280. 

Eighteenth <*entury, one of revolution, 
1. 77. 

Eisenstein, and theory of numbers, ii 
684. 

Elasticity, theory of, ii 30, 10 ; 31 ; 
foundation of theory of, 41. 

Electrical and magnetic action, i. 344. 

Electricity, tnd magnetism, ii. 64 ; 

velocities of light and, compared, 84 ; 
Inodern rescarobes, 189 ; electric dis- 

^ cdiavges, 196; animal, 475. 

iSlectro-dyuaniies, Wilheltn Weber’s law 
of, I. 19(> ; ii. 149. 

Eleetro-magnetic theory, ii. 64 ; in- 
UelinitenesK of, 03 ; 163. 

Eleetro-magnetoiu, discovery of, i 92. 

Electroly.sxs, ii. 164 et sf</. 

Electron, the term, li. 193. 


“ Electrotonic ” state ol iiuittei.h. 68, 
81 

Elizabeth, England undei, i. 67. 

Elliptic functions, history of, ii. 648 
et seq. 

Ellis, Alex.T., on tenumology of sound, 
11. 489. 

Ellis, Robert Leslie, on Bacon, i. 94, 
96 ; his report, ii. 649. 

El})hinstono, Bishoji, started Aberdeen 
University, i. 268. 

Elster and Geitel, vacuum tube ex- 
permieiits, n 190. 

Emanation .s, law of i. 344 

Embryology, ii. 296. 

Empedocles, relation to Galileo and 
Neivtou, i 313, attraction and repul- 
sion, 385; recurrent cycles, li 287. 

Eiicke, “calculus of probabilities,” i 
325. 

‘ Encyclopadie der Matheniatischen 
IVissen.schaften,’ ii. 73. 

Encyclopadie, lectures on, i. 37. 

‘ Encyelopiedia Bntamuca/ aiticle on 
Napier, i 269 ; first published, 273 ; 
article on “Agriculture” (pioted, 
284; article on F. Mohr, ii. 106; 
article on Samte C'hnre Deville, 163; 
232, 279, 569. 

‘ Eneyelopmdia Metropolitaua/ i. 236, 

Eu cyclopaedia of Erscli and Gruber, i. 
do 

Encyclopccdias, origin ol, i. 40. 

Eucyclopicflic treatment of learning, 
age ot, i. 34, 215 ; view nece.ssary in 
)»hilosophy ami history, 203 ; treat- 
meut of scientific .subjects, 214. 

Eiicyclopindists followed Newton, i. 96; 
constructive work of school of, 110; 
educational intluence of. 112. 

Energetics, science of, li. 141; 166; 
kinetics ami, 180, 

Energy, conservatxou of, i. 199, 201 ; 
theory of, ii, 87, 96 ; works deal- 
ing with, 97 ; dissipation of, 97, 364 ; 
the term first used by Young, 98 ; 
notion of, contained in Newton’s 
‘Principia/ 99 ; the term introduced 
l»y Thamsoii, 115; and “Force,” 
115; availability and dissipation of, 
119; doctrine of, 124; rcvnlutions 
brought about by idea of, 137 *, 
“potential ” ami “actual,” 139, 398 ; 
iiitluence of doctrine of, 899 ; circu- 
lation of, 420 ; 466 ; availability of, 
594. 

Engel, F., on taste in mathematics, ii. 
632 ; on genesis of Lie’s ideas, 692* 

England, science and philosophy in, 
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during the early part of the century, 
1. 75. 

English character, mdividuahsm of, i 
‘279 ; changes during last htty years, 
280 ; lo\eof nature, 284, 286 ; Hankel 
on, u. 704, 711. 

Enneper, ‘ Blliptische Eunctionen,’ i. 
185, 187. 

Entropy, ii. 169 et seq.^ ISl, 594. 

Enumeration, ii. 561. 

“ Environment,” ii. 314, 430. 

Epicunns, “essential and inherent 
gi’avit.v,” 1. 340; natural philosophy 
of, 11 . 4. 

Epigenesis and evolution, ii, 298. 

Equations, theory of, Abel, li. 681 ; 
general solution ot, 687 seq. 

Equivalents, chemical, i. 399. 

Erasmus, i, 163. 

Erdmann, misprint in his " Crimdriss 
der UesclucUte der Philosopliie,’ i. 
.50 , 11. 495. 512. 

Erlsherg, u. 271. 

Ernest Augustus, Elector of Hanover, 
1. 158. 

Ernest IT., Duke ol Gotha, i 54, 176 ; 
atron of the astronomer von Zach, 
77 ; system ol education of, 256. 

Error, element of, i. 323 ; theory of, ii. 
568, 574 

Erscli and G-ruber, Encyclojxndia of, i 
35, 

Eschenhnrg, representative of encyclo- 
pjodic teaching, i. 38. 

Ether, luminiferous, theory of, ii. IS ; 
properties of, 31 ; nature of, '36 ; hy- 
pothesis of, 37 ; Sir 0. Lodge on 
nature of the, 38 ; nature of, 40 
et mj. ; mathematical and experi- 
mental investigation of, 44 ; an 
‘•el!jsti(‘ solid,” 54 ; lunnuiferou.s, 
69, 70. 

Etymology, value of, for history of 
Thought, i. 20. 

Eucken, K., ou philosophical termin- 
ology, 1 . 21. 

Euclid preferred in England to Le- 
gendre, 1 . 44 ; his works models of 
scioutiiic thought, 95 , 120, ii. 4 ; 
Proclus on, 634 ; Klein on, 635 ; 718 ; 
733. 

Eudemus of Uliodos, ii, 633. 

Eudoxus, Proclus on, U. 634. 

Euler, Leonhard, treed analysis from 
geometrical fetters, i. 103 ; 135 ; 
competed with T. Mayer, 158 ; 163 ; 
connection of, with modern science, 
175; 181, 388, 284; analytical 
methods of, 271 ; mathematics, 44 ; 


319 ; lunar theory, 329 ; Newton’s 
gravitation formula, 334 , “ Ur- 

saehe der Gravitation,” 341; ether 
theory of gravitation, 343, 346, 351 , 
unfa\oiiral)ie to Boscovicli’s theory, 
358 , 11 . 7 ; ‘ Anleituug zur Natur- 
lehie,’ 8 , the successor of Eluygens, 
16, 17 ; studies in elasticity, 30 ; 
spectrum analysis, 46 , psycho-ph^^- 
sics, 474 ; 510, 637 , introduces con- 
ception ot “function,” 639; 643, 646, 
648 ; on different mathematical inter- 
ests, 657; 669, 680, 602, 694, 695, 
721. 

E\elyu, .John (see Arundel collection), 
11 564 

Everett, “character” in music, ii. 489. 

Evolution, 11 . 210, 27S. 

E\\ aid, on Humboldt's geological work, 
n 226 ; 253. 

Ewing, ‘The Steam-Engine,’ 11 . 136. 

Exner, ‘ Repertoiium llei Phvsik,’ i. 
323. 

Exploration, the spirit of, ii. 206 vi mj, 

Externalisation, ii. 525. 

Eabricius of Acquapeudente, teacher ot 
Harrey, i 282. 

Pagnano, Count, Euler on, ii. 657. 

Falk, .lohamies, follower of Pehtalozzi, 
1. 258. 

Faraday, electrical theories ot, i 199; 
electrical researches, 201, u. 86 ; 
electrical and other disooverios ol, i. 
230 ; science in England, 236 ; not 
nieinbor of any university, 239, 272 ; 
and Pldcdvcr, 212; neglected m Eng- 
land, 246 ; studied in laboratory of 
Royal Institution, 219 ; furnished 
texts for lectures in German univer- 
sities, 251 ; at Royal Institution, 
264, xi. 80 ; e«lucated by Davy, i. 
265; “lines of force,” 266, ii, 68, 
182 ; not connected with Canibridge 
iimthematical school, i. 26f> ; neglect 
of Ims writings, 277 ; 279, 297 ; gravi- 
tation, 344 ; electricity, 345 ; sym- 
bolism, 347 ; nature ot matter, 358 ; 
discovery of electrical indifetion, 363 ; 
method of measuring the electric 
current, 365 ; eiectrii’al action in 
chemical processes, 366 ; discovery 
of magnetic induction,- 36S, 371 ; his 
influence, 380; discovery of “iso- 
merism,” 406 ; his attitinle towards 
the atomic theory, 418 ; 431 ; theory 
of chemical aliinity, 452 ; researches 
of, li. 35 ; modern view of electrical 
phenomena, 66 ; “ magnetisation of 
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light,” 74 : electro-magnetic radiation, 
77 ; and Thomson, 78 ; galvanic cur- 
rents, 79 ; and Clerk-Maxwell, SO ; 
“ electrotomc state” of matter, 81 ; 
tubes of force, S3 , electricity in 
motion, 93 ; and Poggendorf, 107 ; 
referred to, 111 ; mdestructilnlity of 
force, ib. ; correlation and inter- 
changeability of natnial forces, 119 ; 
“force,” 126; “regelation of ice,” 
127; indestructibility of foice, 130; 
electricity in space, 145 , electro- 
magnetic field, 146 ; electrolytic law, 
164, 157 ; results of experimental 
work of, 161 , law of, 165 , atomic 
view, 189 ; observations oi vacuum 
tube phenomena, 190 ; 191, 193 

Pandel and Schwoerer, ‘Life of tiirn,’ 
11. 134. 

Fay, Du, referred to by Voltaire, i. 
106. 

Faye, ‘ Sui rOngine dii Monde,’ ii. 282, 
357, 360 

Fechner, Gustav Theodor, ‘ Elements 
of Psycho-physics,’!. 200 ; and Bosco- 
vich’s theory, 359 ; Ohm’s law, 365 , 
electrical theory of, 371 ; ‘ Atonien- 
lehre,’ 433 ; ii *369 ; psychn-j)hysics, 
469, 493; psychical lesearch, 508, 
‘ Psychophysik,’ 511 ; 514, 546, 743 

Felbiger, Von, educational work of, 
1. 256. 

Fellenljerg, Von, follower of Pestalozzi, 
i, 258. 

Feme Ion, i, 253. 

Fermat, Pierre, the theory of probabil- 
ities, 1 . 120 ; arithmetical discoveries, 
181; 187; his theorems, li. 680, 
721. 

Fcrrier, functions of the brain, ii. 479. 

Fertilisation of plants, li. 338. 

Fertilisers, invention of artificial, i. 92. 

Fe.ssel, fcdlow-worker with Pliicker, li. 
76. 

Fichte, I, PI., and Lotze, i. 49, 

Fichte, J. G,, the province of phil- 
osophy, i, 36 ; influence on academic 
teaching, 37, 38 ; idealism of, 60 ; 

‘ Wissens#haftslelire/ S3 ; doctrine of, 
170 ; ‘ Nature of the Scholar,’ 171 ; 
172 ; influenced by Spinoza, 212 ; edu- 
cational sigiiificwmce of his writings, 
268 ; 263, 264 ; system of, ii. 600 ; 
and Herder, 632. 

Fiedler, German translations of Sal- 
mon’s works, 1, 276, h. 669 ; 685 ; 
expounds von Staiult’s method, 669, 

Fiedler and Salmon, i. 44. 

“Field,” magnetic, ii, 68. 

VOL. II, 


Finme, John, agricultural chemistry, i, 
285. 


Fischer, Emil, ii. 437. 

Fi.scher, E G., first table of standard 
equivalents, i. 393 , 898. 

FLscher, Kuno, " Geschichte der neuereii 
Philosophie,’ i. 67 

Fitton, 11 294. 

Fitzgerald, G. F., li. 195. 

Fizeau, velocity of light, ii, 45, 85. 

Flamsteed, Newton’s correspondence 
with, i. 98 

Flcmining, ii 444. 

Fletcher, L., ‘The Optical Indicatrix,’ 
11 14, 42, 55. 

Floiii ens, ‘ Histoire des Travaiix de 
Georges Cuvier,’ i. 130, 139 ; ‘Eloges 
HisiornpieSi/ 135 ; nnd de IJlainville, 
11 247 ; ‘‘Eloge” of Geolfioy, 255; 
doetiine of descent, 322 ; quoted on 
Gall, 477 , phrenology, 478. 

Fluorescence, ii. 52 

Fluxions, mveiitioii of method of, i. 
101 ; method of, ii 706. 

P’ol, on fertilisation, n. t28 

P’ontancs, comeibatmii of Napoleon 
with, 1 . 153. 

Fonteiielle popularised science, i. 10(1 , 
literary influeiuH* of, 111 , 123, 134, 
135, 142, 144, 279; ‘Eloge de Leib- 
mz ’ quoted, li. 280. 

Forl)e.s, Edward, naturalist, i. 283, 288. 

Forbes, J. D., i. 272 : on radiant heat, 
li 106. 

“ Force, lines of,” li. 68 ; Lord Kelvin 
on, 71 ; and “energy,” 115, 

Force, matter and, mathematically de- 
fined, i. 334. 

Forces, correlation of, ii, 105. 

Forms, theory of, ii. 678, 684. 

Forster, Georg, Humboldt’s view of 
nature, i. 52 ; naturalist, services of, 
179 ; the term “ phrenology,” ii, 477 ; 
influences Herder, 532. 

Forster, Johann Keinhold, i. 179. 

P'orsyth, A. It., theory of functions, ii. 


‘ Fortnightly Review,’ ii. 558. 

‘ Fortschritte der Pliysik,’ started, ii. 


Foster, Sir Michael, ‘Text -Book of 
Physiology,’ quoted, ii. 289, 446 ; 
physiology, 396 ; 'Text -Book/ 417 ; 
“Metabolism,” 421, 442; “Geneud 
Physiology,” 423 , 430 ; quoted, 428. 

Foucault, spectrum analysis, i. 278; 
speed of light, ii. 36, 46 ; pmsmatic 
analysis of the voltaic arc, 50 ; 
“gyroscope” and “gyrostat,” 61. 


3 0 
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Foiicher, ‘ Hypothesis Physical ii. 5. 

Fonndations ot science, historical and 
logical, ii. 671 , ot* mathematics re- 
vised. hy Weierstiass, 703; examina- 
tion ot, 709. 

Poarcroy, 'Aunales de Ohinne,’ i., 41 ; 
at the Jardiii des Plantes, 107 ; Ecole 
des Travaux publiques, 112 ; 113 ; 
sei vices of, to the Republic, 148 ; 
criticisms ot Baunies’s essay, li. 390. 

Fourier, Pr M. C., and co.o})eralion, 
li. 5G6, 

Fourier, J B Jos., i. 187 ; neglected 
by Pans Institute, 241 , ‘Theone de 
la Chaleur,’ 322, ii 175 ; theory ot 
dimensions, i 323 , his iiiatliematic.s 
employed by Lord Kelvin, 330 ; 
‘‘dynamic equilibrium,” li. 79, 
quoted, 120 ; dedication of ‘ Phil- 
osophie Positive,’ 239 ; heat, 487 ; 
analj'sis of periodic phenomena, 623 ; 
on Jacobi and Abel, G57 ; delinition 
of function, 693 ; 697, G99 

Fox-Talhot, light, ii. 11. 

France, home of scientific thought m 
the early part of the century, i 75. 

Francis T, founded College de France, 
i. 107. 

Fraueke, A. H., influence of, at Halle 
Uiiiversitv, 1 . IGO ; educational work 
of, 256 ; 257 

Frauc( cur’s matliematics introduced 
into Englantl and Germany, i. 44 ; 
influenced German thought, ii. 101. 

Frank, i. 208 

Franklaiid, Hir Edw., chemical re- 
searches of, i. 413, 417 ; atomicity of 
chemical compounds di.sco\ered hy, 
414. 

Franklin, controversy on electric iliiui, 
i. 3G2; Davy’s speculations on heat 
and light, 11 , 104. 

Frauuhoter line.s, i, 278 ; theory and 
l>ractice of raeasuriug, 82*2 ; spectro- 
.seopic observations, n, 47. 

Frederick, Elector, reconstitutes Uni- 
versity of XTeidelherg, i. 160. 

Frederick the Great, po])ular education, 
i. 256 ; population .statistics, ii, 563 

Frederick fl. of Denmark and Tycho, 
i. 157. 

Freewill, ii. 583. 

Frege, G., ii. 737. 

Freind, John, molecular attraction, i. 
355. 

French, the, masters in science at the 
beginning of the century, i. 41. 

Fresenius, text-books of, i. 188. 

Fresnel, Auguatin, neglected by Paris 


Institute, 1 . 241 , and Young, theories 
of, 244 , dynamical view of Tight, 370; 
revival of kinetic view of nature, ii. 8 ; 
optical pihenomena, 13, 14 ; uiidula- 
tory theory oi light, 21, 36 ; views on 
“sidedness” of rays ot light, 24; 
Memoir on Diffraction, 25, 26 ; trans- 
verse vibrations, 28 ; elastic theory 
of light, 31 ; nature of the ether, 40 ; 
theory of elasticity, 41 ; definition of 
motion of light, 42 ; theory of light, 
43 ; vibrations of the ether, 56 ; the 
dielectric and luminifeious ether, 69, 
70, 89; “elastic medium” m space, 
84 ; reference to, 86, 91 ; 344, 4G7. 

Frcytag, ‘Bilder ans der deutschen 
Vergangeuheit,’ i. 256. 

Fre 2 icr, geometrical work oi, i 114, 

Pries, Jacob, i 195 ; school of, 20S ; 
psychology, n. 495. 

Fritsch, ‘ Theone der Neivton’scheu 
Gravitation,’ i. 343. 

Frohel, founder of the Kindergarten, i. 
258. 

Frost, Schemer’s ‘Astronomical Spec- 
troscopy,’ ii, 46 , 362. 

Function, mathematical, introduced by 
Euler, 11 , 639. 

Functions of living substance, li. 429. 

Functions, theoiy of, ii 693 et sc(f , 
two schools, 693 ; iion-dilfereiitiable, 
Plank el .ami Weierstrass on, 705; 
oscillating, 706 ; analytic, 712, 

Fundamentals m mathematics, ii. 649 
et / geometrical and logic.al, 651 
et seq . ; Gauss on, 652. 

Galen, i. 293 ; ii. 207. 

Galileo, Bacon’s indebtedness to, i. 94 ; 
mechanical Jaws of, 317 ; 318 ; stimu- 
lated star-gazing, 327 ; formiihe ot, 
335 ; described phenomena of falling 
bodies, 353 ; 389, 424 ; ‘ Sidereus 
Nuncius,’ discovered the moons of 
J upiter, ii. 10 ; 12 ; inertia, 124 ; 
a.stronoinical work of, 227. 

Gall, J. F., 1 . 136 ; extolled hy Comte, 
310 ; phrenology, ii. 477, 479. 

Galle and the discovery oPNeptune, i. 
277. , 

Galois, Evariste, Theory of Equations, 
li. 686 ; his life and works, ib, ; his 
letter to Chevalier, ih, , and theory 
of groups, 687 ; '692. 

Gallon, P'ranci.s, on heredity, ii. 674, 
612 ; on variation, 609 ; his works, 
iiu ; combines Quetelet and Darwin, 
ib*; on statistical treatment, 612; 
on pangenesis, 614; forestalls Weis- 
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mann, il , on ^^particulate” mlieri- 
tauce, G15 ; on law ot distriLution, 
617 , on law ot regression, 61S. 

Galvani, discoveries of, i. 363, ii. 150 ; 
galvanic current, 233 ; animal elec- 
tricity, 474. 

‘ ‘ Gramma ” function, ii 696. 

Garnett, R., on Georg Forster, i 52; 
179. 

Garnett, W., and Campbell, ‘Life of 
Clerk-Maxwell,’ ii. 599. 

Gartner, investigations of, li. 415. 

Gases, liquefaction ol, i. 316; the 
kinetic theory of, 425, ii. 34 ; i. 
433. 


Gaskell, Di, cerebro-spinal nerves, ii. 
429, analysis of proces.s of “meta- 
bolism,” 442. 

Gassendi taught at the College de 
France, i. Iu7 , 385. 

Ga&siot, exi»eriiuents with vacuum 
tubes, 11 . 190 

Gatterer of Gottingen Gniversity, i. 
165. 

Gauss, Carl Fr , i. -14, 45; orbit of 
(kies, 51 ; woiks of, 82 ; and Welier, 
the telegraph, 92, 367 ; ‘ Disquisi- 
tiones Arithmetics, ’ 105, 120, n. 682 ; 
Lobatchevski and Bolyai, i 161 , and 
Humboldt, 167 , and Zach, 177 ; 
178 ; mathematical researches, 181 ; 
182; least squares, 1S3; 184, 1S5, 
188, 189, 191, 200, 207, 211 ; “exact 
habit of thought,” 222 ; 231, 238, 247 ; 
measurement of magnetic action, 266 ; 
303 ; absolute measurements, 309, 
369; astronomical work of, 314, 331 ; 
measurements of, 322 ; ‘ Theoria 

motUR corporum cnelestium,’ 324 ; 
calculu.s ot probabilities, 325 ; 352 ; 
Oouiomb’s methods, 360, 362 ; 365 ; 
iinporiaiice of his work, 384 ; “Top- 
ologie,” li. 63; researches into elec- 
trical phenomena, 67 ; 76 ; electro- 
magnetic measurements, 78 ; system 
of absolute measurements, 117 ; arith- 
metical discoveries of, 124 ; influences 
Helmholtz, 150 ; 197, 254 ; science 
of cliauces, 568 ; theory of error, 674 ; 
575 ; method of least squares, 576 ; 
doctrine of probabilitieR, 577 ; law of 
error, 616 ; and Newton compared, 
630 ; rediscovery of Ceres, ih. ; 
piemeer of modern mathematics, 636 ; 
Bes.sel on, ib. ; his style criticised by 
Abel, 637; 040; his fundamental 
tiieorom, 044, 688; on convergency, 
646 ; his work on higher functions, 
648 et seq.; on fundamentals, 662; 


Ms influence on Bolyai, Lobatchevski, 
and others, 652 ; anticipates the work 
of otheis, lb , compared to Goethe, 

653 , on extended S 5 ’'stem of numbers, 

654 ; reforms theory of numbers, 680 
et seq , 720; on determinants, 682, 
686, 6aS, 693, 695, 697, 698 ; on con- 
formal images, 701 ; on non-Euelidean 
geometry, 710, 718 ; measure of 
curvature, 714 ; theory of congru- 
ences, 723 ; on mathematical calculi, 
724 ; on bi-(iuadiatic residues, 725 ; 
732 ; not a great teacher, 646, 743. 

Gauh.s and Gerling, ii. 713. 

Gauss and Scliuuiaoher, concspondence, 
11. 710. 

Gauss and Weber, telegraph, i. 92, 
367 ; school of, ii. 702. 

Ga 3 '-Lussac, Memoirs of, i. 83; ‘An- 
iiales de Chjmiie et de Ph 3 ^slque,’ 
189; 100; organic analj^sis, th. , 
cheiriical discoveries, 398, 4o7 ; ex- 
}>eiimeiits, 425; 426-429; Fresners 
‘Mciuoire sur la Hillractiou,’ ii. 25 ; 
visit to England, 27 , experiment in 
heat measurement, 109; 154, 592 

Geddes and Thomson, ‘ The Fvoln- 
tion of Sex,’ li. 227, 455, 458, 459, 
sexual selection, 344; “Reproduc- 
tion,” 348. 

Gegenbaur, school of Darwinism in 
Germany, ii. 436. 

Gehlen, ‘ Allgemeines Journal fur 
Chemie,’ i, 41. 

Geikie, Sir Archd., quoted on Playfair’s 
‘Huttonian Theory of the Earth,’ i. 
283; G. Wilson and, ‘Memoir of 
E. Forbes,’ 2S8. 

Geissler, fellow-worker with Plucker, 
ii. 76 ; electrical researches, 189 , 
vacuum tubes, 190. 

Geitel (see ELster), li. 190. 

Generalisation, jirocess of, in mathe- 
matics, ii, 638 ; 650. 

Generalised co-orJmates, Plucker, ii. 
673. 

“Genesis,” ii. 279. 

Genetic view ot nature, ii. 276, 290 ; 
in Germany and France, 321 ; tiiumph 
of, 328 ; on a large scale, 345 ; 
strengthened by physics and chem- 
istry, 355* 

Genetics, ii, 213. 

Genius, latent thought the material of, 
i. 8, 

* Gentleman’s Magazine,’ ii. 679. 

Geography, biHtorioal, i. 294. 

Geological Society, i. 290. 

Geology, ii. 290. 
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Geometrical axioms, 1 . 199, 352 ; li. 649, 
et sen, 

Geometr 7 , deficiency of organiisatiou 
of research in England, i. 243; two 
schools of, 11 . 668. 

Geophysics, ii. 363. 

George, Duke of Saxony, re^sonstituted 
University of Leipzig, i 159. 

Gergonne, ii. 660 ; Hankel on, 666 ; 
673. 

Gerhardt, C. E. , revives Front’s hypoth- 
esis, 1 . 402 ; attack on electro-cheimcal 
theory, 409 , “type” theory’, 411;* 
413 ; on the constitution of siilistances, 
419 ; “ types,” 423 ; Gnielin’s system 
of equivalents, 426 ; characteristic ot 
hydrogen atoms, 430. 

Gerhardt, C. .J., on the invention of the 
calculus, 1 . 101 , edited Leibniz, ‘Pliil- 
osophische Schnften,’ ii. 5 

Germ plasma and body plasma, ii. 457, 
458 ; plasma, dillerentiatioii of, 459. 

German Association, character and de- 
cline of, i. 238, 

German language, peculiarity of, i 22. 

German universities, i. 226. 

Germany leads in the history of thought, 
1. 46. 

Gervinus on Uerder, i. 51 ; connection 
of political and literary liistory, 59 ; 
‘Georg Forster’s Werke/ 179; rela- 
tions of philosophy and history, 206 ; 
“theoretical politician,” 311. 

Gesner of Gottingen University, i 165. 

“ Gewerbeschulen,” i. 166. 

Gibbon, i. 47 ; ‘ Roman Empire,' 169 ; 
iniiuent'e of, on Gorman thought and 
literature, 212 ; in German univer- 
sities, 251. 

Gibbs, J, Willard, energetics, ii. 166, 
171; “free energy,” 173; chemical 
c(iuiUbriiim, 175, 177; formuho of, 
185 ; on directional calculus, 655 ; 
056. 

Gibson, George A,, “Fourier’s series,” 
i. 241. 

Giese, vacuum - tube experiments, ii. 
190. 

Gilbert, Sir J. H,, agricultural experi- 
ments and jmblications of, i. 285- 

Gilbert, Wm., Bacon’s indeldedness to, 

i. 94. 

Glaciers, Helmlioltss’s theory of, ii. 127. 

Glaisher, I-’rof., <iiiotcd on invention of 
logarithms, i. 269 ; 321 ; law of error, 

ii. 676. 

Glazehrook, Prof., ‘Report on Optical 
Theories,’ ii. 64 ; Lord Kelvin’s 
theory of ether, 65; ‘James Clerk- 


Maxwell and Modern Plij^xsics,’ 77; 
indefiniteness of Maxwell’s electro- 
magnetic theory, 94. 

Gmelin, Ohr., chemist, i. 188 ; hand- 
book of chomistry, 2t>8. 

Gmelin, Leopold, ‘ Haiidbuch dor 
Oheniie,’ i. 43, ii. 158 ; system of 
equivalents of, i, 426, 430 

Goebel, Prof., on biology, ii. 313, 

Goethe quoted on history, i. 7 ; quoted 
on the success of tlie teiv, 9 ; made 
modern German langnage, 22 ; atti- 
tude of, to national idealism of Ger- 
many, 39 ; style of, ,51 ; Ins work, 
61 ; infill eiice of, on taste, 67 , 
‘Faust,’ 76, school of, Si; Leues’s 
Life of, 166 ; 179 ; as a scientist, 180 ; 
inlliieiiced by tlie Natw phUimtpIne,, 
207 ; 212; lutrodnccfUiexamoter into 
Gorman poetry, 213 ; quoted, 251, 286, 
ii. 3, 254, 25S , ediieatiomil siginfi- 
eance of lus writings, i. 2.58 ; 261 ; 
eon esponde lice of, 279 ; on Luke 
fioward, 2S6 ; introduction of the 
term morphology, li. 21 ‘J ; 213; 
theory of metamorjihosis. 223, 243, 
267 ; inilneucc of, 225 ; theories of, 
246 ; inlluenee of fjiiiufeus, 2.52 ; 2513 ; 
the genetic view, 317,321 ; suliiective 
colour sensations, 482; fomidations 
of the study of language, 538. ^ 

Gohlatein, vacuum-tube exp(Tjments^ 
it. 390; “ether” theory of cathode 
rays, 192. 

Goltz, experiments on the brain, ii. 
478 ; 479. 

Goodsir, cell theory, ii. 265, 

Gordon, Lewis, (janiot’.s ‘ihdssance 
Motrice,’ li. 118. 

Gottingen, prize essays on priiicijdes of 
dynamics, ii. 97 

‘Gifitinger Gelehrtc Anzeigen’ of 
Haller, i. 17f5. 

Gough, John, the blind naturalist, i. 
287. 

Gourand quoted, ii. 571. 

Grawiins, recognition of Bentley, i. 169. 

Graff, i?rof. L. von, o% Haeckel’s 
‘Btanmihaunie,’ in 337. 

Graham, TbouiaH, cbemistry, i. 44; 
salts and acids, 410; experimental 
work of, ii. 16X ; 164 ; discoveries of, 
221 . 

Grandi, .series of, ii, 646, 

Grant, Hir A., ‘Story of the University 
of Edinburgh,’ i, 160, 232, 267, 269, 
283; on David Gregory, 270; on 
Boll, 293. 

Grant, Prof., natural selection, ii. 330. 
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OrassnianUj HeriDann, "eoinetry, i. 44 , 
geometrical labours of, neglected m 
Geriuaiiy, 243, 247 , ‘ AuKdelinungs- 
lehre,' 275 ; mathematical labours 
ot, li. 7-3, 630; Xiankel on his scieuce 
of forni'i, 640 et scq. , Ins comprehen- 
sive calculus, 655 ; gradual appiecia- 
tiou of his work, 656 ; 710 
Grauut, John, statistics, 1 . 122 ; “Tables 
of Mortality,” ii. 564, 

Graves, E P , ^ Life of Sir W. R. 
Hamilton ’ quoted, i 106, 280 ; ii 
722 . 

Gravitation, formula of, i. 319 ; lines of 
thought emanating fioni it, 321 ; not 
an ultimate property of luatter, 33S ; 
dilUculty ot un-asnrmg directly, 353. 
Gray (the poet), i 285, 

Gray quoted on David Robertson, i. 
289. 

Gr^ay, Asa, criticism of ‘ Vestiges,’ ii. 
319 ; 332. 

Greard, educationalist, i 260. 

Green, George, important generalisation 
in statics and dynamics, i, 230 ; liis 
potential function,” 231; 246, 272, 
831 ; iiriportant papers lost, 277 , 
properties of ethei, ii, 31, 33 ; in- 
spired by Cauchy, 43 ; analytical 
method or, 45 ; referred to, 54 ; theory 
of electric and magnetic phenomena, 
74 ; 60S. 

Gregoire proposed Bureau des Longi- 
tudes, i, 113. 

Gregory, David, introduced Newtonian 
pjiilosophy into the University of 
Bdinburgh, i. 232 ; Professor of Astro- 
nomy, Oxford, 270, 272 , astronomical 
instruments, 322, 

Gregory, F., Hankel on, ii. 712. 

Gren^s ‘Journal dev Physik,’ i. 41. 

Grew, Neherniah, used the term “cell,” 

i. 195 ; microscopic investigations in 
biology, 283 ; embryological re- 
searches, ii. 227 ; microscopical 
studies, 200 ; observations of, 261. 

Griesbach, “Animal and Plant Geo- 
graphy,” ii. 226. 

Griesinger, Mayer’s “right of priority,” 

ii. llB. 

Grimaidi, polarisation of light, ii. IS. 
Grimm, Jacoli, ‘LTober Schule, XJniver- 
sitat, Aka<lerme,’ i. 100 ; language, ii. 
540, 542. 

Oroth, ‘ Physikalische Krystallographie,’ 
i. 443. 

Groups, thooi’y of, ii 632, 686, 687 , 
Burkhardt on, 688 ; 689 et seq^ ; 
continuous and discontinuous, 691. 


Grove, “ Correlation of Physical Forces,” 

11 . Ill ; “foice,” 125, 130. 

Gruber, Rrscli and, Encyelopmdia ot, 
i. 35 ; representative of eucyclo[aedic 
teaching, 38. 

Guardia quoted, i IOC , ‘ HUtoire de 
la Medicine,’ 126. 

Guerry, A, jM , statistics, ii. 579. 
Guhrauer, ‘ Leibniz, eine Biographie,’ 

1. 15S, 11. 280. 

Guizot, educutiou, law of, i 183, 257. 
Guldberg, law of mass-action, ii 157 , 
ideas of Bertliollet, 177. 

Guyton de Morveau, i. 116, 131 ; gun- 
powder, iron, steel, 148. 

Gyroscope and gyrostat invented, li. 61. 

Haacke, ii. 271. 

Hackei, Dr Val., ‘Praxis und Tlieone 
der Zelleii- und Belruclitungslehre,’ ii. 
265, 370 ; 371, 447. 

Haeckel, Drii.st, i 179 ; ‘ Generelle 

Morpliologie der Orgamscheii Weseii,’ 
ii. 213, 214, 270, 271, 349 ; Goethe's 
ideas, 214, 246 ; “ Outogenchis ” and 
“ Phylogene.si",” 307, ‘ NatUrliche 

Schopfuiigs - Geschichte,’ 313, 323 ; 
‘History ot Creation,’ 332; genea- 
logical trees, 337 ; sexual selection, 
343; 347 , evolution, 348, 455; Dar- 
win and Lamarck, 350 ; 351, 361 , 
conception of universal animation, 
369 ; biological theories of, 371 ; 414 ; 
school of Darwinism in Germany, 
436; “germinal” element, 457 ; and 
\yeismaun, 460 ; and Herder’s evolu- 
tionism, 533 ; man and brute, 541 ; 
546, 608 ; kinetic hypothesis, 611. 
Ilaeser, ‘Geschichte der Medicin,’ i. 
126, 308, ii 388, 390, 401; on 
homoeopathy, i. 210 ; on Kant, 219. 
Hahn, “Cuvier” in ‘G-rande Encyclo- 
pedie,’ i. 130. 

Hahneiuann’.s homoeopathy, i, 210. 

Hales, improvements in microscopy, ii. 
230, 

Hall, Marshall, ii. 619. 

Halle, University of, i. 165. 

Haller, Albrecht von. i 163 ; of Gottin- 
gen University, 165 ; connection of, 
with modern science, 175 ; ‘ Gottinger 
Gelehrte Anzeigeii,’ 176 ; ‘ Ble- 

menta,’ 193; 194; zoological labours 
of, ii, 220, 230 ; study of separate 
organs, 233 ; “ evolutionist,” 278 ; 

279 ; epigenesis, 298 ; 299, 308 ; vital- 
istic conceptions, 884 ; discovery of ir- 
ritability, 429 ; psycho-physical view, 
471 ; influences Herder, 532 ; 633. 
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Edmund, “ reciprocal dupli- 
cate ” ratio, 1 . 98 ; 270 , Newton’s 
‘Principia,’ 283 , orlnts of comets, 
324 ; calculates return of comet. 327 ; 
Newton to, 342 ; pendulum exi>eri- 
inerits of, 354 ; .statihtician, ii. 505. 

Halfeted, G. B , oii^ non - Euclidean 
geometry, ii. 652 , 714 

Ham atm, Johann Georg, ii 535, 536. 

Hamilton, Sir W., ‘Discn-.hioiis,’ i 203 ; 
‘ Dugald Stewart’s Works,’ 359 ; 
“ Philosophy of the Unconditioned,’' 
in 326. 

Hamilton, Sir W. R , used the notation 
ol Newton, i. 101 ; Life ot, cpioted 
from, 106 ; paper on caustics, 230 , 
important generalisation in statics 
and dynamics, 231 , Dublin Mathe- 
matical School, 274; originality of, 
; “characteristic function,” 316 ; 
theory of optical plienoiiiuna, ii. 13, 
42 , mathematical labours of, 73 ; 
dynamics, 138, 195 ; his ([iiaternions, 
654 ; 656, 709 ; introduces term 

“associative,” 711 ; 7*22. 

Hank, Theodore, suggested idea of the 
IJoyal Society, i 227. 

Haukel, Hermann, generalising aspects 
of the sciences, 1 . 46; <iuote<l on 
the establishment of analysis as a 
science, 103 ; ‘Die Entwickeliing der 
Mathematik,’ 175 ; ‘ Theorie dor com- 
plexeii Zahlensy Sterne,’ 185; h. 710; 
‘Die Elemeiite der Projectivisclien 
Geometric, ’ i. 188 ; ii. 632 ; on the 
two processes of algebra, 640; on 
Grassmanu, ‘ib., 656 ; on Peaeo<k 
and do Morgan, 641 ; on Gauss's 
theorem, 645; on iniagiuaries, 653, 
664 ; Poneelet’s principle, 061 ; on 
Gergonne’s principle of duality, 666 ; 
on Steiner, 668 ; coinpares von 
Staudt with Gliasles, 669 ; on Mbbins, 
082 ; on fundamentals, 703 H mj, j 
on English mathematics, 7n4, 711 ; 
on oscillating functions, 706 ; on 
Bolzano and Ganchy, 7u9 ; ]»nncii)le.s 
of arithmetic, 711 ; on principle of 
permanence, 712 ; on quaternions, 
td., 717 ; 726. 

Hiinle’s ‘Magaziri,’ i. 43. 

H.mselmann, ‘IC F, Gauss,’ i. 181. 

Hansen, lunar theoi^y, i. 329. 

Harcourt, Vernon, i. 236. 

Harding, discovery of planets, i, 182. 

Harkness and Morley;, theoiy of 
functions, ii. 704. 

Harmonic functions, ii. 696. 

Harriot, a forerunner of Bacon, i. 94. 


Hariis, James, language, ii. 536. 

Hams, Hnow, referred to by Faraday, 
li 69. 

Harrison, received prize ol Board of 
Longitude lor his chrnnonieters, i. 
158 ; astronomical lustniments, 322. 

Hart, J. M , testimony to W'ork of 
German umversities, i. 225 

Hartmann, ii. 470, 60S. 

Hartiiack and Nachet, improvement in 
immor&imi system, ii. 228 

Harvey, contempouiry v/ith Bacon, i. 
94, discovery of the (Uiculntioii of 
the blood, 193 ; 272 ; contributions 
to biology, 282 ; 292 ; study of sep- 
arate organs, ii 233 , “ metamor- 
phosis,” 278; eiiibiyology, 297 ; 349, 
444. 

Hatchett, not member of auv univer- 
sity, i. 238 

Haukesbfift, Francis, caj)ilhirv iiheiiom- 
ena, i 346 ; c\i>criiiicnt.s oi, 355, 356. 

Hauptmann, C., ‘Di<‘ Metaphy.^ik m 
der moderiien Physiologic,' ii. 401, 
438 ; quoted, 107, 444. 

Hausser, L , i. 59 

Ha'u>, Abbe, physics .at the Ecole nor- 
male, i. 112 ; crystal logTui»by ol, 
116, 117 ; services of, to mnieralogy, 
118; 136; created the sinence of 
crystallography, 441 ; labours of, li, 
222; founder ol crystalhjgrapliy, 
240 ; 241, crystallography, 26); 
building u)> of crystals, 270. 

Haym, Rudolf, ‘ Lehen W. v. Hum- 
boldts,’ 1 . 38 chief authority on 
Herder, .51 ; biograi»hi<*s of Hegel 
and others, 279 ; ‘ llord(‘r nach 

seinem Jjehen uml semen Wej'kenJ 
ii. 531, 533, .537. 

Hayward, algebra of ‘ Ooplamir Vec- 
tors,’ 11 . 65)6. 

Heat, TyndalPs dynamical theory <6, 
li. .57 ; dynamic.al theorv of, 73 ; 
Black, Knmfor<l, and Duvy, l92 ; the 
non-mechicaiiical nature of heat-])hen-', 
oinen.a, 120 t'J m/. y and perpetual ' 
motion, 126 H m/, ; of tho^sun, 357. 

Heaviside, Oliver, jiopularisatiou of 
Maxwell’s electro - magnetic theory, 
ii. 72 ; 193 ; his directional calculms, 
655, 656. 

Heckcr, J. J., established “Realschule” 
at Berlin, i. 1 66. 

Heeren of Gottingen University, i. 165 ; 
and Ukert, collections of Histories of 
all countries, 167. 

Hegel, G. W. F,, on the province of 
philosophy, i, 36; treated science 
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from a inetapliysical standpoint, 43 , 
pliilosophy oi, mtlueuced by Herder, 
51 ; rnhcaled searcli for ne^v planets, 
54 ; on status of philosophy, CO ; 
Ins dedmtiou of philosojihy, 61 , re- 
lation ot philosophy to religion, 73 ; 
‘ Phaiionienologie des Geistes,’ 83, 
spontaneous develojunent of thought, 
85 j ‘ (ieschichte der Philosophie,’ 
145 ; 1G2 ; speeulatu'e tendency of, 
178 ; philosophy ol, 204, n. 279, 346, 
50l> , 1 207, 208 ; eiiC3'clop{.edic lec- 
tures on })hilosoi)hy, 215 , henetac- 
tions to historical sciences, 215 ; 
Schelling’s scheme ol evolution, ii 
354 ; 495 ; dialectics, 530 , 008, 751. 

Hegelianism, failure of, i. 72. 

Heidenhain, Prof,, function of gland- 
cells, 11 . 429 

Heine, E., li. 704, 733. 

Helm, Dr Geojg, *Die Lehre von der 
Eiiergie,’ ii. 97, 142, 185, 186, ‘Die 
Knergotik nacdi ihrer gescliichtlicheu 
Eutwickoluiig,’ 97, 106, 108-111, 125, 
127, 133, 138 ; controversies as to 
priority of <liscovery in theory of 
energy, 97, 98 , inllueiioe of Poncelet 
on practical mechanics, 101; heat 
unit, 109 ; labours of Horstmami, 
170 ; methods of W. Gibhs, 171 ; 
criticism of meohamoal view, 183; 
188. 

Helmholtz, metaphysical foundations 
of geometry and dynamics, i. 15; 
' Jieden ’ quoted, 175 ; on speculative 
tendency in science, 179 ; on Goethe 
as a naturalist, ISO ; ‘ Vortrage,* 193 ; 
198, 199; doctrine of the conserva- 
tion of energy, 201 ; on the relations 
of niathematienl and experimental 
science, 205 ; ‘ Wiasensehaftliche 

Abhandlungeu/ y * Vortrage und 
Ueden’ quoted, 209; ‘Ueber das 
Deiikeu in der Medium,’ 210 ; revival 
of thtcU'ine of conservation of force, 
218; oil Kant, 219; 220; ‘Journal 

, fur Mathomatik,’ 231 ; Fourier’s 
si'i’ies, 2 11 ; “ sense perceiitions,” 243 ; 
on Young, 244; * (Jobenlie Erhaltung 
der Kraft,’ 265, 309 ; on Faraday’s 
ideas, 266 ; vortex motion, 313, \i. 
35, 60 ; on the gravitation theory, i. 
352; 375 ; objection against Weber’s 
law, 376, 377 ; “action at a distance/’ 
380 , on the electro-chemical theory, 
405 ; investigations of fluid motion, 
ii. 58 ; articles on acoustics, / 
“vortex tilaments,” 61 ; influence of 
his Hpeuulations in England, 62 *, illus- 


trations of Ins them les, 63 , suggested 
vortex-atom theory, 66 ; ‘ Faraday 
Lecture ' quoted, id ; adopted views 
of Entrlish scientists, 93 , lu depend- 
ence of Maker’s wi’itmgs, 97 ; his 
work theoretical, 99, “physical nie- 
clianics,” 101 ; scientific services of, 

106 ; memoirs refused by Poggendorf, 

107 ; classical character ot his in- 

vestigations into the nature of heat, 
112; ‘ Gesamni elte Abh andliiu gen, * 
113 , biH recognition of tlie claims of 
Mayer, 114 ; 117 ; and Sadi Carnot, 
123 , perpetual motion, 124 ; conser- 
vation ot energy, 125, 127, 130, 142, 
438 ; “death” of the universe, 131 , 
mathematical treatment of power and 
work, 137, on tension, 138, 141; 
energetics, 148 ; electro - dynamics, 
149 ; theories of electro -dynamic phen- 
omena, 152 , Faraday Lecture, 164 ; 
dissociation, 163; thermal measure- 
ments, 172; “tree energy,” 173; 
ehenucal equilibrium. 175 , quoted, 
182 ; atomic view, 189 , atom of elec- 
tricity, 193 ; memoir of, 195 ; ether 
theory, 196 , imperfections of the e>e 
as au optical instrument, 215 , micro- 
scopic work, 229 , Goethe’s theory of 
colours, 245 ; Kant’s theory, 282 ; 
appreciation of Kant, 284 ; “ energy,” 
355 , physical laws, 350 ; cosmical 
origin of life, 369 ; on vitalism, 388 ; 
391 , ‘ Physiological Optics,’ 397, 

480, 508 ; ‘ Physiological Acoustics,’ 
397 ; nature ot living forces, 398 ; 
403, 421, 467 ; animal magnetism, 
476; quoted on “specific energies,” 
482 ; optics, 483, 506 ; ])Svcho-physi- 
cal science, 485 ; “ Tiin})re,” 488 ; 
arrangement of tones, 490 ; and Kant, 
491 ; psycho - physical phenomena, 
496 ; space perception, 504; “Ueber 
das Sehen des Menscheu,” 506 ; hear- 
ing and seeing, 512 ; language, 538 ; 
on harmonics, 623 , on foundations 
of geometry, 710 ; letter to Schering, 
id, ; on axioms of geometry, 711 ; 
and Biemann on geometry, 713. 

Helvetius, ignorance of physiology, ii. 

Henle, Jacob, reconstruction of “gen- 
eral anatomy,” i. 195; 198; anthro- 
pological lectures of, 215; mechanical 
views in biology oi, 2X9 ; on demon- 
stration of Bell’s doctrine, 293 ; 
‘Allgoxneine Anatomie,’ ii. 401.. 

Henrici, ii. 656. 

Henry, Dr, not member of any univer- 
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sity, i. 239 ; «Life ot Dalton/ 246; 
on Oliarles Bell, 292. 

Heraclitus of Bx^hesus, i. 314 ; the 
“ kinetic theory,” 385 ; conception of 
eternal motion, ii. 3 ; concex^tion of 
changing world-periods, 2S6. 
Herapath, •‘mechanical theory of 
gases,” 1 . 310; 434. 

Herbart repudiated by Lotze, i. 49 ; 
208 ; educational influence of, m 
Germany, 257 , phrenology, li. 478 ; 
anticipated Helmholtz, 491 ; influ- 
ence of his philosophy, 494; on 
“ faculty “Xisyohology,” 495; x^sycho- 
logical research, 496 ; mathematical 
psychology, 498 , 500 ; psychical 
mechanism of, 50 1; space xiereep- 
tion, 506 , 507, 512, 515 ; introsx>ec- 
tive method, 527 ; “ Volkerpsych- 
ohjgie” and “ Siirachwissenschaft,” 

Herbert, Dean, natural selection, ii. 
330. 

Heriler, i. 50 ; History of Humanity, 
51; ‘Ideen,’53; ‘ Metakntik,’ S3 ; 
indebtedness to Gibbon, 169; 171; 
cited on Georg Forster, 179; scien- 
tific ideal of, 211; 212; Alcaic and 
Sapphic metres, 213 ; educational 
influence of, m Germany, 257 ; 258 ; 
scicntiflc work of, li. 210; influence 
of, 226 ; 280 ; philosophy of, 346 ; 
psvcho-physical view of nature, 531 ; 
quoted, 533 ; ‘ History of hlaiikind,* 
534 ; 538, 563. 

Heredity, problem of, li. 343, 613. 
Bering, li. 442 ; ‘ He her das Geducht- 
niss als eine aligemeine Funktxon der 
organischeu Materie,’ 544. 

Hermann, Gottfried, indebtedness to 
Bentley, 1 169 ; 162, 172 ; science 
for its own sake, 211 ; 212, 214 ; 
classical learning of, 22*2. 

Hermann, Jac., Leibniz’s letter to, 
quoted, ii. 640. 

Hermits, researches of, ii. 124 ; 649 ; 
on determinants, 683 ; on transcend- 
ent numbers, 731. 

Herodotus referred to on division of 
History into centuries, i, 13 ; 296. 
Herrmann, Cr , quoted, ii, 266, 

Herscbel, Caroline, discovers her eight 
comets, i. 229 ; 285, 

Herschel, Sir John, i. 177 ; quoted on 
Laplace, 123 ; astronomical work of, 
230; introduction of knowledge of 
Continental mathematics to Cam- 
bridge hy, 233 ; science in England,' 
234 ; 236 ; and Airy# article in 


‘ Encyclop?edia Metropolitana, ’ *236 ; 
quoted on Fresuel, 241 , educational 
movement piomoted by, 261 ; ‘ A 
Preliminary Discourse on the Stmly 
ot Natiiial Philosoi)liy,’ 263, 306 ; 
founded Analytical Society, 271 ; 
spectrum analysis, 278 ; stands on 
Bacon’s philosophy, 307 ; 376 ; 

phenomenon of fluorescence observed 
by, ii. 52 ; criticism of the term 
“ijotential energy,” 140; 295; •In- 
troduction to the Study of Natural 
Philosophy,’ 32S , experiments at the 
Cape, 357 ; “sound,” 488; theory of 
Xirnhabilities, 569 ; 606. 

Herschel, Sir William, ‘On the Projier 
Motion of the Sun ami Solar System/ 
1 . 176 : astronomical discoveries of, 
229 ; 238, 285 , discovery ol Uranus, 
324; ‘Observations of Nebulaj,’ ii. 
283 ; nebular theory, 295. 

Hertwig, 0., ‘The Cell,’ li. 224, 265, 
297, 370, 371. 378, 420, 427, 414, 401; 
emliryological researches, 228; ‘The 
Biological Prolilem of To-day,’ 298, 
459; ‘Zeit iind Streitfrageu zur 
Biologie,’ 401; quoted, 409; ‘The 
Cell,’ quoted, 4‘2{), 416, 448 ; “idio- 
plasma,” 448 ; “orgauiciarne,” 455, 
Hertz, H., electric theory, i. 344 ; elec- 
trical wave-motion, ii, 77 ; electrical 
view of light, 88, 92; “physical 
mechamcs,” 101; ele<*4ro- magnetic 
wave-motion, 148; 193. 

Hess, a founder of physical chemistry, 
ii. 152 ; 157. 

Hesse, Otto, his elegant work, ii. 677 ; 
introduces determinants, 682 ei seq. ; 
and invariants, 684. 

Hessel, ‘ Krystallometne/ 1 . 443. 
Hettner, history of the idea of humanity, 
i. 50; literary history ot the eigh- 
teenth century, 59 ; cited on Georg 
Forster, 179. 

Heun, ‘ Jahrcshericht der duutscheu 
Mathematikor-Vereinigung/ ii. 101. 
Heussler, Hans, on Bacon, i. 94. 

Heyne of Gottingen ijmversy:y, i. 105 ; 

indebtedness to Bentley, ImK 
Hicks, ‘Keport on Hydrodynamics/ ii. 
58; contribution to vortex theory, 
63, 

Higgins, theory of, i. 398. 

Hilbert on algebraic numbers, ii. 729. 
Hildebrand, Bruno, statistics, ii. 561. 
HiUehrand, Karl, ‘ Zeiten, Volker, uud 
Menscheii/ quoted, i. 311. 

Hippeau, 0., ‘Public Education during 
the Bevolution in France/ quoted, i. 
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lOvS ; 109 , ^ quotes Coudorcet, 111 . 
‘ L’Jnstructioii juiblique en France 
pendant la Itc volution,’ 250 
Hippocrates, a. 470. 

Him, the steaiu-eii^me, i. 331, n 133 ; 
ludestriictihility ot lovce, 111 ; con- 
troversy with Zeuiiei, 135 ; 179. 
Hirsoh, Dr A., ‘Gescli, d luedicmischen 
WisseiKscliaftcn in Deutschland,’ i 
210, 11. 300, 401. 

Hh'zel, ISal., i. 167 
His, VV., a. 271. 

Histoloj^y, Huxley on, i. 106. 

Hi^storians, supiiosed olgeetivity of, i 
7. 

Historical j^uopfrapliy, i. 294. 

History, contemporary, to what extent 
possible and valualjle, i. 6 ; Goethe 
({noted on re-wnting' ol, 7, periods 
of, 13 ; philosophy ot, due to Con- 
tinental tlniikers, 25 ; penod.s ot, 
take their name from .some great 
event or movement, 58 ; and science, 
relatioiiR ol, 206 

Hittort, W., on attraction in chemical 
phenomena, i. 380 ; fellow- worker 
with llucker, li. 76 ; electrolysis, 
16i ; \ac*imiu-lubo exitciimeuts, 190 
Iloljhes, ]>hilosophy ol', i. *18; ‘De Oor- 
porc ’ quoted on Harvey, 282 ; 385, ii. 

473 . 

Hobson, on the infmite, ii. 736. 
llotf, Prut, yan’t, 1 . 431, 450; ‘Journal 
fur physicaliache Cheiuie,’ ii. 158 ; 
(see Ostwald), 159 ; rcvScarches of, 
16*1 ; discovery ot, 165 ; carbon tetra- 
hedron of, 424. 

HotVmann, t'., animist, i 126. 

Hotmaim, A. W. von, on Liebig, i. 18, 
188 ; .scientitic expenments under, 92 ; 
chemical researches of, 412 ; “ Fara- 
day ” lecture, ii. 391 ; 393. 

H<ifmeistcr, Wilhelm, the genetic con- 
ception of jdaiit Life, li. 224 ; induc- 
tive school of, 321. 

Hogg, ‘’Phe Microscope,’ ii. 228. 
Holbach, 'Bystemc de la Nature/ i. 
144, ^ 

Holger, von (see Baumgartner), ii. 107. 
Holman, Prof. B. W., ‘Matter, Energy, 
Force, and Work,’ ii. 182. 

Holtzmann, investigations into nature 
of heat, ii. 112 ; and Clausius, 135. 
HoltssiuUlior on isogonal relations, ii. 
701. 

Homer, i, 261 , 296. 

Hmiioeopatliy, i. 210. 

Homogeneous formuhn, ii. 681 ; co- 
oi’dinates, Mbbius, 681. 


Homology, study of, li. 25S ; in geo- 
metry, 663 

Hooke, Dr Kohert, ‘‘reciprocal dupli- 
cate” ratio, 1 . 98; used the term 
“cell,” 195 ; 283, 434 ; referred to by 
Young, ii 18; theory of elasticity, 
30 ; compound microscope, 228. 
Hooker, Sir J. D. (see Darwin), 11 . 329 ; 
Darwun to, 406. 

Hopital, Marquis de T, adopted the 
calculus, 1 , 101. 

‘ Horen ’ of Schiller, 1 . 84. 

Horner, ‘ Edinburgh Review ,’ 1 273. 
Horsley, edition ot “ Newton’s Works,” 
1 . 355 

Horstniauii, labours of, 11 . 170 ; free 
energ^q 173. 

Houel referred to, ii. 653 ; on non- 
Euclidean geometry, 714. 

Hovelacque, Abel, ‘ La Linguistique,’ 
n 540. 

Howard, Luke, classification of clouds, 
1 . 286 

Huber, investigations of, ii. 415. 
Huggins, Sir William, light, 11 , 11 
Hugo, prof., of Gottingen, translated 
44th chapter ot Gibbon’s ‘ Roman 
Empire,’ 1 . 169. 

Humboldt. A, von, on scientific state 
of Paris at the close of the eighteenth 
centurvq i. 17; ‘ Kosinos,’ 51, 53, 11 . 
277, 286, 328, 329, 582; ‘Life’ by 
Bruhns, 1 . 207, 263, 263 ; travels in 
America, i. 83 ; eminence in scien- 
tific liteiature ot, 105 ; his influence 
as popular!, ser oi the study of natural 
history, 106; 133, 155; and Gauss’s 
scheme for a network of magnetic 
observations, 167 ; 171, 175, 176 ; 
uninfluenced by speculative .spirit in 
German science, 178 ; cited on Georg 
Forster, 179 ; 183, 190 ; supported 
scientific institutions at Berlin, 288 ; 
Bell’s theorem, 293 ; foundeil, with 
Oken, “ Naturforscher - Versamm- 
lung,” 298 ; and Gay-Lussac, 426 ; 
popular work of, li. 149 ; explorations, 
206; travels, 222, 247 ; morphology, 
225, 226 ; 252 ; extension of mor- 
phological view, 260 ; and Robert 
Brown, 265 ; 266 ; iiitliience of, 276 ; 
293, 300 ; 341, 390, 467 ; animal 
electricity, 475, 476; 514, 607. 
Humboldt, W, von, creator of Berlin 
University, 1 . 38 ; 203, 206, 212, 253, 
263 ; comparative philology, ii. 638 ; 
542, 

Hume, David, transition from the logi- 
cal, to the historical view, i. 47 ; 
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opposed metaphysics, 75 ; influence 
ot, on German thought and literature, 
212 5 sceptical philosophy ot, replied 
to Ly Kant, iK , and Kant, 219 , in- 
tercourse with French thought, 26 S , 
influence ol, 273 , u 279 ; andGeirnan 
criticism, 323 ; 326 ; psychology, 497 ; 
genetic view, 506 ; the study ol 
mankind, 529 ; quoted, 555 

Hunter, John, Flnglish medical science, 
i. 20 s , anatomist, 284 ; 11 . 247 

Hunter, John and William, no connec- 
tion with the English universities, i. 
272. 

Hutton, James, a follower of Boscovich, 
1 . 359 ; study of lossil lemains, ii. 
225 , Cuvier’s catastrophism,” 250 ; 
school of geology, 291 ; genetic view 
in geology, 330 ; 364 ; and Jameson, 
services to the study ot natural his- 
tory, i. 283 ; 290. 

Huxley, T. H,, ‘Lay Sermons’ and 
other writings, i. 193, 201 , quoted, 

193, 292, 11 . 252, 256, 267, 3-18, 376, 
405, 448; ‘American Addresses,’ 1 . 

194, 11 . 364 ; on individuality of 
English scientists, i. 250; ‘Science 
and Culture,’ 282; ‘Essay on Geo- 
logical lieform,’ 2S3 ; ‘Geological 
Bcform ’ quoted, 291 ; ‘Critiques and 
Addresses,’ 298; ‘Life of Charles 
Darwin,' 310 ; on Wheweli and the 
mechanical equivalent of heat, ih. ; 
‘Scientific Aspects of Positivism,’ 
310 ; on Comte, ‘Lay Sermons’ quoted, 
ii 37 ; extract from ‘‘Lecture on the 
Study of Biology,” 217 ; quotation 
from ‘Life of Hichard Owen,’ ‘222 ; 
Goethe’s ideas, 244, 246; Cuvier’s 
work, 248 ; quoted on vertehral 
theory of the skull, 251 : on FJiim- 
boldt, 253; the term “homology,” 
259 ; on Cuvier and Oken, 260 ; 
268; “Evolution in Biology,” 278, 
297, 347 ; controversy with Kelvin, 
284 ; on Hutton, 291 , 292 ; and 
Von Baer, 299, 3u2 ; 305 ; historical 
coniioction of Lamarck’s ideas, 309 ; 
“ Biology,” 313 ; 321 ; theory of de- 
scent in France and Germany, 822 ; 
“Agnosticism,” 326; “Reception of 
the ‘Origin of Species,’” 327; 329; 
address to the Geological Society, 
363 ; ‘ On T)escartcs,’ 378 ; “ vital- 
ism, ”406; 411 ; “ On the Cell Theory,” 
423 ; history of Biogenesis, 451 ; the 
ubiquity of life, 452 ; psycho-pby.si- 
cal parallelism, 519 ; theory of reflex 
action, 520, 


Huygens, Chr , variation of gravity in 
diflerent latitudes, 1 . 09 ; 103 ; the 
theory of probabilities, 120 . mechan- 
ical laws established by, 317 ; New- 
ton and, ih. , formula} of, 335 ; 
mechanical explanation- of gravita- 
tion, 343, 351 , phenomena of gravi- 
tation, 353 ; 389 , kinetic view of 
nature, 11 . 7 ; 8 ; followed by Young, 
9 , the theory of light, 13, 14, 17 : 
periodic wave-motion, 21 ; ‘Traite de 
la Lumiere,’ 22 ; motion of light, 42 , 
conservation of energy, 99, 100 ; on 
probability, 565, 568 

Hyatt, A., neo-Lam arckian, 11 . 351. 

Ideal elements, 11 664 ; Poncelct on, 
674’; numbers, 727 , Kummer’s, 728. 

Ideals of lile during nineteenth cen- 
tury, 1 . 32 

Ideas, migration of, i. 29, 

Ideologues, Naiioleoii and the, 1 15J . 
11 323. 

Imaginary, the, Cayley on, h 716. 

‘Index Lectioniim’ oJ’ Gottingen Uni- 
versity, 1 . 165. 

Individualism of English character, i. 

279 

Individuality the centre of interest of 
the sciences, j. 125 , ii. 746. 

Individuation, ii 415. 

Inductive reasoning in England, 1 . 103, 

Infinite, the, 11 . G43, 735 ; Hobson on, 
736. 

luflnitesinial methods, necessity of de- 
veloping, 1 , 373. 

Infinitesiiiials, method of, ii. 700. 

Inheritance, particulate, li. 615. 

Inquiry, scientific method of, i. 30. 

Institute, French, reports of, i. 110. 

Institution, Royal, 1 . 264. 

Interests, human, unity of, i. 33. 

Introspective method, li, 527. 

“Invariants,” doctrine of, ii. 140, 076 j 
MacMahon on, G76 ; history of, 677 ; 
unknown to Pliicker, 677 ; Sylvester 
on, 684 ; different methods in, ib. 

Inventions, accidental, in ^sixteenth, 
seventeenth, and eighteenth centuries, 
i. 91. 

Inverse operations, li. 639, 727. 

“Ions, migration of,” ii. 164 ; IDS. 

Ireland, Alexander, on authorfciluiJ of 
the ‘Vestiges,’ ii. 318. 

Irvine, Dr, the term “ capacity ”, first 
used by, ii. 102. 

Iseukrabe, C, , ‘ Das liathsel von ,der 
Bchwerkraft,’ i. 341, 342, 343, 377 t 
refers to Euler’s ether theory, ii. 8* 
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Islierwood, refecarclieia of, ii. 135. 
Isomensni, (Usoovery of, i. 405. 
Isoniuipbisni, i 444. 

Ivory, scientific work of, i. 229 ; well 
known amonj^ Continental matliema- 
ticians, 2^2; not memher of any 
iinuersity, 238 ; maintained rejmta- 
tion ot British niatheinatioians, 270. 

Jucohi, C. G. j., 1 . 44; ‘Werke/185; 
187, ISO ; inlluenre on Helmholtz, 
109 ; 200, 205, u, 637 ; his relation to 
hc'j,endre ainl Ahel, CIS ; on deter- 
luihants, 683, G86 ; Theta function, 
606, 72S 

.racol)i, F. H , ‘ Otfenei Brief an Fichte,’ 
1 . S3 , 162 ; influenced hy Rpmoza, 
212 ; psychology, ii. 495 
Jaeger, Dr, “ geiminal ” element, ii. 
457. 

‘ Jahicsherichte ’ of Berzelius, i 167 
James, Alex., proccbs ol cellular 
divisioi^ n. 445. 

James, King, Charter to Edinburgh 
University, i. 268. 

James, I’rof. W., ‘ I’rinriples of Psy- 
eliologv,’ li. 479, 513, 519 : quoted, 
522, 539. 

Jameson founded Wernerian Society, 

1.118; 288 

Jamui, speed of light, ii. 45. 

Jamischke, Hans, ‘ Das Princip der 
Erlniltnug der Energie,’ li 152. 

Japp, Jh’of, “Stereo-chemistry and 
Vitalism,” n. 437; selective ' action 
of certain organisms, 598. 

Jardin dcs Plantes, i. 107. 

Jeffrey, " Edinburgh Review,’ i. 273. 
JiMinei, Edward, no connection with 
the English univerhities, i. 272 ; 284. 
Jevons, Stanley, ‘ Principles of Science,’ 
i. 37, 308 ; on theory of probabditie.s, 
120; 325; Bacon’.s “method of in- 
stjaiGe.s,” li, 558, 559 ; * Principles of 
SiMcnce ’ quoted, 560, 569 ; 737. 
Joacliim of Brandenburg, founds Uni- 
versity of KuuigHberg, i. 159. 

John F*rt%Ienck, Duke of Hanover, i. 

158 ; founds llniversity of Jena, 460. 
John V., ‘ Gcscli. d. Statistxk/ li. 555, 
587 ; statistics, 563 ; 564 ; quoted, 679. 
Jones, Bence, ‘The Royal Institution,’ 
i. 90, 

Jordan, Camille, his ‘Thcorie des 
Siibstitution.s/ li. 086, 692. 

Joseph fl,, 1 , 256. 

Joule, James Prescott, the mechanical 
equivalent of heat, i. 93 ; dootnne of 
the conservation of energy, 201 ; 


“J” or Joule’s equivalent of heat, 
265 ; and Dalton, ib, , not connected 
with Camhiidge Mathematical School 
266 ; not member of any university, 
272; determination of the equival- 
ent of heat, 309 , “mechanical theory 
of gases,” 310 ; 313 ; paper on mol- 
ecular action, 433 ; calculations of, 
434 , 435, 437 ; ii. Ill ; kinetic 
theory of gases, 84, 162 ; dyn- 
amical theory of heat, 73 ; inde- 
pendence of Mayei's writings, 9“ , 
and Tyndall, 107 ; heat unit, 109 ; 
scientific work of, 110 et set^. , a pupil 
of Dalton, 111; indestructibility of 
force, %h. , revival ol interest in the 
ideas of “ Energy,” 114 ; his measure- 
ments utilised by Clausius and Thom- 
son, 116 ; practical foundation of his 
rcsearche.s, 117 ; perpetual motion, 
124 ; two laws of thermo-dyiiariucs, 
128 ; force, 130 , subjection ot physi- 
cal plienoniena to dynamical laws, 
132, measurements of, 133, and 
experiments, 137; “Thermal Unit,” 
139, conservation ot energy, 142; 
electrical phenomena, 146 C law of, 
147 ; electrical measurements, 156 ; 
heat, 178; “energy,” 855; statistics 
ill physic.s, 590, 592. 

Jous.se, geometrical work of, i. 114. 

Juliu.s ot Brunswick founds University 
of Helmstiidt, i. 160. 

Jungfieisch, li. 437. 

Jurm, Dr, experiments in capillary 
attraction, i. 356. 

.Jussieu, Ant. Laurent de, author of 
‘ Genera PI ant arum,’ li. 222, 235, 
265. 

Jussieu, Bernard de, contributions to 
the .study of natural history, i. 116 ; 
119 ; botanical work of, 126 , referred 
to, 265. 

Justi, ‘ Winckelmann,’ i. 279, 

Kane, hm work overlooked, i 414. 

Kant, sciontitlc methods insufiicient hy 
themselves, i. 36 , influenced popu- 
larity of lectures on “Bucyclopadie,” 
37 ; a century before his time, 46 ; 
style of, 51 ; decadence of philosophi- 
cal thought after, 78 ; radicalism of 
thought of, 81 ; ideas of, developed 
hy Schiller and others, 83 ; Helm- 
holtz and the philosophy of, 199 ; 
inliiienced hy political movements in 
Prance and America, 203; influence 
on development of German schools of 
medicine, 208 ; 211, 212 ; inathemati- 
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cal and plij'Sical vsciences affected by, 
216 ; influence of, on the development 
of modern German hcience, 219 , and 
Hume and Descartes, 22*2 ; influence 
of, on education in Germany, 257 ; 
was inspired by Rousseau, 259 ; in- 
fluenced by Hume, 273 ; jihilosophy 
of, dispelled Cartesian philosophy in 
Germany, 433 ; cosmological genesis 
of planetary system, ii. 209 ; nebular 
theory, 277, 282 ; late development 
of, 309; ‘Critique of Pure Reason,’ 
326; philosophical theories, 346; 
metaphysics 354 ; '‘speciflc ener- 
gies,” 482 ; scieni’e of sensation, 484 ; 
time and space, 491, 492 ; the mind, 
497 , space perception, 506 ; and 
Herder, 532, 535 ; freewill, 584 , 
634 ; 751. 

Kastner of Gottingen University, i 

Kater, scientifle work of, i. 230. 

Kaufmann, W., Hamburg Address, ii 
^190, 197. 

Kaup, .Jacob, ‘Skizzirte Entwickelnngs- 
gesclnchteundnaturliches System der 
Europaiseben Thieiuvelt,’ ii.'317. 

Kayser, spectroscopic 'observations, li. 
361, S6‘2. 

Kelli, John, molecular attraction, i. 
355. 

Kekule, chomical researches of, i. 412 ; 
‘Lehrbucli der organischen Oheniie’ 
quoted, 421, 448; explains pheno- 
menon of multiple proportions, 447 ; 
theory of aromatic compounds, 449 ; 
^ benzine ring, li. 424. 

KcUuiid’fl edition of Young’s writing.s 
quoted, h. 98, 104. 

Kelvin, Lord, See Sir William Thom- 
son. 

Kepler, Bacon’s indebtedness to, i. 94 ; 
118: three laws, 157, 318; received 
logarithms with enthusiasm, 269 ; 
Newton and, 317; 374; father of 
modern astronomy, 38t) ; astron- 
omical work of, ii. 227 ; 634. 

Kerner von Marilann, ‘The Natural 
History of Plants’ quoted, ii, 876. 

Kerry, B., on G. Cantor and mathe- 
matics, it. 634 ; 734. 

Ketteler, ‘ Tbeoretisohe Optik/ ii. 64. 

Kielmeyer and the JVatufjMosophie, 
i. 207 ; ii. 349. 

Kieser, D. G., and the NafAirphilosophie, 
i. 207 ; ii. 230 ; phytotomic researches 
in Germany, 261. 

Kinetic, view of nature, ii. 3 ; the word 
introduced by Ampere, 5 ; revival of 


kinetic view in nineteenth century, 
7 ; theories, 34 ; theory of gases, 'ib . , 
view of nature, insufliciency of, 96 ; 
the term .substituted for “actual,” 
139, “kinetics” and “energetics,” 
180 ; 465, 574. 

Kirchhoff, Gustav, ‘ Meehan ik,’ i. 45; 

* Vorlesungeii uber Mathematisch© 
Physik,’ 231 ; discovery of spectrum 
analysns, 277 , coincidence between 
electrical wave - motion and light, 
37*2 , Weber’s law, 380 ; defiuitiou 
of “mechanics,” 382; P’raunliofer’s 
lines, ii. 48 ; ‘ Gesanmielte Ahhand- 
lungen, ih. ; cresium and rubidium, 
49 ; emission and absorption of light 
rays, 50 ; 61 ; spectrum analysis, 56 ; 
“physical mechanics,” 101. 

Kirwaii, 1. 117, ii 291. 

Klaproth, i. 117 ; forerunner of Berze- 
lius, 391 , 393 

Klein, ‘G Por.ster in Mainz,’ i. 179 

Klein, Felix, pupil of Piucker, ii. 76 ; 
his geometrical tract, 632 ; on the 
pjeriod of Eaclhl, 635 ; ‘ Evan.ston 
Collo<]iimm’ quoted. on abridged 
mathematics, 636 ; 086 ; his ‘ Erlangen 
Programme,’ 690 ; and Lie, 691, 692, 
718, 720 ; his tract on Rieni aim’s 
theory, 698, 699 ; on Riemanii’s in- 
fluence, 700 et set/, ; on Riemann 
and Weierstrass, 707 ; on Dirichlet’s 
Principle, 708 ; on non-metneal rela- 
tions, 713 , on non-Euc1idean geom- 
etry, 714 ; on Cayley and von Staudt, 
718 ; on generalised notion of di.s- 
tance, ih, ; on famous problems, 721, 
731 ; on arithmetising tendency, 738, 
740. 

Klopstock, Alcaic and Sapphic metres 
of, i. 213. 

Knapp, stati.stics, ii, 563, 566. 

Knott, on directional calculus, ii. 656. 

Knowledge, accumulation of, in nine- 
teenth century, i, 28 ; method ami 
unity of, 29. 

Knox, John, creator of Scotch ednea- 
■ tional system, i. 258 ; *■ Fir^t Book of 
Discipline,’ 255. 

Kobell, ‘Geschichte’'der Mineralogie,’ i. 
117. 

Kbcbly, i. 162 ; * Gottfried Hermann,’ 
169. 

Kohlrausch, F., electrolysis, ii. 164. 

Kohlrausch, R., electrical measure- 
ments, i. 369 ; ii. 84. 

Kolbe, chemical researches of, i. 412; 
attacks of, on ‘Modem Chemistry,’ 
455. 
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Kolliker, von, quoted, n. 401 ; “idio- 
^ plasma,” 448. 

Kouig, Ed., on Wundt, ii. 513. 

Ivonig, H., ‘ (t. I’orster in Hans untl 
Welt,’ 1 . 179. 

Kunigsberger, L., ‘Ziir Gesehichte der 
Theoiie der ellipti.schen Transcen- 
^denten,’ i. 185, ii. 648. 

Kupke, Uudolf, “Die Griiudnng der 
Kuui gl ichen - W ilk elms - U ni versitat zu 
^Berlin,’ i. 263. 

Kopp, Hermann, on the reports ol 
Berzelius, i. 42 ; ‘ Die Entwickelnng 
del Clionue,’115, 246, 418, 419, ii. 154; 
‘ (Teschuihte der Uliemie,’ i. 175, ISS, 
191, 308 ; quoted on Lavoi&ier, 386, 
387 , (j noted, 391, 393, 398, 407, 
421 ; 422 ; electro - diemical theory, 
405 , 108 et fiefj., 413 ; Avogadro’s 
hi^potliesiH, 428 ; on J. Black, ii. 102 ; 
^ loiinded physical chennstry, 152 ; 157. 
Ko.ssak, E., on Weierstrass, ii. 712 ; 734. 
Kottev, 14, on Ponccdet’s principle ot 
contiimUy, ii. 660, on von Btaiidt, 
(361. 

“‘Kreislaur des Lehens,” li. 395. 
Kronecker, li. 727, 720 ; on arithmetis- 
ing, 738. 

Kn’5mg, A., ‘GrundzUge oiner Theoi'io 
^<ler Base,’ i. 433 ; li. 162 ; 179. 

Krug, representative ot eucycloptedic 
^ teaching, i, 38. 

Kuiurner, li. 680, 726; ideal numbers, 
J28. 

Knudfc (see Christiansen), ‘ Die neuere 
Kntwicklung der Electricitdtslelire,’ 
1. 380. 

Kunfcze, quote<l in reference to the 
Brothers Weber, i. 197 ; biography of 
G, T. Keehner, 200 ; ii. 508. 


La 

i. 


Beche, de, pahcontologieal work of, 
139. 


Lacupede, i. 119. 

Lacroix, geometry, i, 44 ; * Dilferontial 
and, Integral Caloiihis/ 233 ; student 


at Ecolo uorinale, 237 ; ii. 643, 686, 
Ladenbiire, “ Vorlrage liber die Ent- 
wicklungageschichte dor Chemie,’ ii. 
15S. 


‘ Ladies' Diary,’ i. 236, 238, ii. 679. 
Tjai-nnee, Prcncdi undioal .science, i, 208. 


Lagrange, meohani(‘s, i. 44 ; general 
methods of, 45 ; adapts the calculus 
to the problems of the ‘Piincipia,’ 
102 ; * Mdoanique analytique,’ 105, 
ii. 100; iriathcniaticH at the “Ecole 


normale/’i. 112; US, 148, 181,200, 
234 ; 237 ; analytical methods of, 


271 ; “potential function,” 316 ; 319; 
theories elaborated by Gausis, 031 ; 
11 . 6 ; mathematical study ot vibra- 
tions, 16 ; analytical school of, 100 , 
dynamics, 138; his system mathe- 
matical, 144 ; 467, 510, 572 ; theory 
of error, 575 ; 637 , on fundamental 
questions, 656 ; 669, 680, 690 ; and 
Weierstrass, 693-695, 706. 

Laguerre, ii. 715. 

Lakanal on the Ecole norm ale, i. 109, 
Il2 ; quoted, 111 ; 113 ; obtained a 
decree from Convention to continue 
.sittings of the Academy during sn.s* 
pension, 148 ; ““ Museum,” ii 311. 

Lalande at the College de France, i. 
107 ; 113, 167, 177 ; Clairault’s at- 


tempt to alter gravitation formula, 
334. 


Lamarck, “ Philosojihie Zoologique,’ i. 
83, li. 309 et seq. ; beginnings ol Dar- 
winian theory, i. 137 ; tenqtorary 
neglect ot suggestions ot, 179 ; 
^Hydrogeologie,’ 194; and the 
‘Oiigin of Species,’ 201; ‘ Hydro- 
geologie’ quoted, ii. 217; natural 
history of vertebrates, 239 ; 247 ; and 
GeoJlroy Saint-Hilaire, 255 ; and \’on 
Baer, 316 et seq.; 321, 322, 827 ; 
natural selection, 330, 351 ; adapta- 
tion, 353 ; “ environment,” 394 ; his 
school, 431 ; 460, 470, 607, 621. 

Lambert, J. H., i. 175 ; ‘ Photometry,’ 
‘ Fyrometry,’ 176 ; 319 ; cosmological 
letters, ii 282. 

Lame, treatises on mathematics and 
physics, i, 45 ; theories of, 360 ; 379 ; 
synthetic method, ii. 100 ; influenced 
German thought, 101. 

La Mettrie, ‘ L’Bomme Machine,’ i. 
344 ; “Ilisloire naturelle de I’Ame,’ 

ih. ; ii. 699. 

Landen, scientific services of, i. 229 ; 
well known ainongiContiuental matho- 
maticians, 232; maintained reputa- 
tion of British mathematicians, 270, 

Lange, F. A., ‘ Histoiy of Materialism,’ 
i. 145, 385, ii. 323, 513, 584 ; “psy- 
chology without a soul,” 523, 

Langley, function of gland cells, ii. 
429, 

Language portrays changes of thought, 
i. 11 ; conventional, inadequate for 
oiiginal thought, 12 ; the problem of, 

ii. 536. 

Lankester, Ray, Zoology,” ii. 232; 
the term “homology,” 259, 

Lap<‘yronie founded Acad^mie de 
Chirurgie, i, 107. 
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Laplace, works of, i. 82, 97 , Newton’s 
ideas elgkoxatedLy, 96 , matliematics 
at the Eeole normale, 112, 2137 ; 113, 
115 , crystallography, 116 , ‘Systeine 
dll Monde,’ 119, 319 ; ‘ Tln'oric analy- 
tique des Probabilitf's,’ 120, 325 ; las 
own populariser, 122 ; statistics, 124 ; 
120 ; and Cuvier contrasted, 132 ; 148, 
154, 177, 181, 187, 200 ; “ exact habit 
of thought,” 222, potential func- 
tion, 231, 316 ; 241 ; Dalton’s atomic 
theory, 240 ; 201 ; rosearclies of, 
281; 306, 312; ‘Mecaniqne celeste,’ 
319 ; 358 ; gravitation, 321 , least 
squares, 825 ; 320 ; the Tides, 331) ; 
Gauss, 331 ; mathematical expres- 
sion of astronomy, 333 ; emanation 
theory of light, 314; 340; mole- 
cules, 3 17 ; gravitation theory, ; 
molecular attraction, 354 ; ‘ Theorie 
de r Action capillairo,’ 355; quoted, 
350 ; Bt Veiiaut quoted, 359 ; 362 ; 
corpuscular theory of light, 370 ; 
uieasureiiient of electrical action, 
371 , value of Newton’s formula, 373 ; 
Newton’s law, 378 ; astronomical 
view of nature, 380 ; opposed to 
unduln lory theory, n, 16, on New- 
ton’s emission theory, 17 ; theory of 
light, 20 ; oiipohod uudulatory theory 
ol light, 24; on the commission which 
crowned B^esners ‘ Meuioire sur la 
DillracLion,’ 25 ; extension of gravita- 
tion into molecular physics, 29 ; 
theory of capillarity, S3 ; researches 
into electrical phcuoiuona, 07 ; 
methods of, 70; school of, referred 
to, 93, 100, 101 ; tlie material ami 
dynamical conceptions of heat, 118; 
cosmological genesis of jtlauetary 
system, 209 ; 215 ; astronomical work 
of, 2‘27; 228 ; uehular theory, 

277, 284 ; quoted, 285 ; 290 ; genesis 
of the cosmos, 320 ; genetic view 
anticipated hy, 330 ; theory of, 357 ; 
hypothesis of, 3o0 ; stability of solar 
system, 380 ; animal heat, 390, 433 ; 
analysis of phenomena of nature, 
400 : 474, 487 ; science of chances, 
508; 509, 571, 572, 575 ; method of 
least square, 570 ; doctrine of prob- 
abilities, 578 ; intluence of, 581 ; 
statistical method in social questions, 
599 ; curve of error, 616 ; 634, 637 ; 
his * Mecanique celeste ’ and ‘ Th6orie 
des Prohabilites,’ 642 ; functions of, 
696 ; 751. 

Larmor, Jos., vortex theory, ii, 63, 64 ; 
* iEther and Matter/ 89, 195 ; mathe- 


matical theory of electricity, 193 ; 
his position, 195 , 197 ; atomic and 
energetic views, 19S ; 595 , on vectois, 
656. 

Lassw'itz, ‘Geschichte der Atomi‘>tik,’ 
1 . 433, 11 . 5; ‘G. T. Fechner,’ 309, 
508 , Feclmor’s pliih<sophy, 513 

Laurent, revives Front’s hypothesis, i. 
402; attack on elect! o -chemical 
theory, 409; “type theory,” 411; 
413 ; quoted, 420 ; “ substitution ” 
in chemical combination, 429. 

Launllart, Dell’s tlieorem, i. 293. 

Lavater, Caspar, ‘ Fliysiognomische 
Fragmentc,’ li. 477. 

Lavoisier, i 114, 147 ; services to 
France, 148; 170, 188, 200; scieiititic 
method of, 306, ;iG5 ; inilueneed liy 
Laplace, 380 ; theory ol cunibiisiioii, 
38b, 393 ; chemical researches, 39l ; 
392, 399, 400 ; organic analysis, 407 ; 
chemuial balance, ii. 152 ; atomic 
view, 153 ; 379 ; and bis school, 382 , 
animal heat, 390, 433 , chemical ele- 
ments, 398. 

Lawes, Wird. D., experiments and pub- 
bcatioiiH in agriculture, i. 285. 

Lay aid, i. 291 

Lazarus, jisycliologist, li. 497 ; the 
objective mind in history, 530 

Lealie, M. VV., exjiloralious of, i, 296. 

Learning, apparent disintegration of, i. 
30. 

Least squares, method of, i. 120 ; 183 ; 
xi. 576. 

Le Bel, the carbon tetrahedron, i 450. 

Leblanc invents soda process, i. 92. 

Le Breton, report on Fine Arts, j. 149. 

Le ChateUer, ‘Journal de Physique,’ 
ii. 1G9, 173. 

Lecoq du Boisbaudran, discovery of 
gallium, 1 . 315, 423. 

Legalloia, ii. 519. 

Legendre reforms geometry, i. 41 ; 
‘Theori© des Nomluvs,’ 82; method 
of least squares, 120, 183, ii 570; i. 
181; ‘ Traite des Nomhres,’ 182; 
‘ Nouvelle.s methodes pour la dcHer- 
raination des orbites des coinHes,’ 183; 
‘Traite des foimtions elhptiqnes,’ 
185 ; 187 ; potential fiuiction, 231 ; 
on elliptic integTals, ii. 648 ; his rela- 
tion to Abel and dacobi, ih,; Kdnigs- 
berger on, '/A ; on foundations of 
geometry, 656 ; on synthetic method, 
670 ; functions of, 696 ; 721. 

Lehmann, ‘ Molecularphystk ’ quoted, 
i. 448. 

Leibniz, 1, 49 ; essay on, by the 
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autlior, 50 , on tlionglit, 6t> , or- 
ganises scieiititic elfort, 100, cal- 
culus,” 101 ; modern analytical spirit 
ot, 102; letter to Huygens on cal- 
culus, 103 , letter to Bodenliausen, 
104 ; 105 , ‘ Sclinftcn,’ 12*2 , 137 , at 
the couit ot Brunswick, 158; the 
University of Halle, ICO , oncyclo- 
ppedic view of ‘ Wissenschatt,’ 171 ; 
modern science, 175 ; reaction against 
his philosophy, 212; notation of, 
233; 247, 283, 311 ; energy,” 312 ; 
337 ; gravitation, 340 , 358 ; lettei to 
Fouchur, 11 5 , Euler’s opposition to, 
8 ; “ VIS viva,” 100 ; mdestructilDihty 
of force. 111 ; intlueuces Crenuan 
jdnlusophy, 205; scientilic work ol, 
210; ‘Protogfea,’ 277, 280, 293; 

evolutionist,” 278 ; ‘ Protogica’ 

cpioted, 281 , 288 ; epigenesis, 298 , 
genetic view anticipated hj", 330 ; 
364, 365 , animation of all nature, 
369 ; 403 , idea ot life, 409 ; monad- 
ology, 500 ; 507 ; doctrine of pre- 
estabhshed haimony, 519; (see 
Herder), 535 ; the theory of language, 
537 ; statistical information, 516 ; 
555 ; Neumann’s statistical tables, 
565 ; science of chances, 568 ; theory 
of probabilities, 573; 638, 643; his 
dyadic system, 645 ; on convergency, 
646 ; letter to Huygens, 659 ; on 
determinants, 682 ; 706 ; science and 
religion, 742. 

Leitch, ‘ Miscellaneous Works ’ of Dr 
Young cited, i. 244, 

Lehevre, i. 136. 

Leiiionuier at the Jardm des Plantes, i. 
107. 

Lenard, discoveries of light rays, ii. 
92 ; observation of cathode rays, 
192. 

Lenz. electrical phenomena, ii. 146. 

Le Sage, “ultramundane corpuscles,” 
1 . 343; 344; quoted on Epicurus, 
ii. 4. 

Leslie, scientific work of, i. 229, 230; 
Scotch university professor, _ 272. 

I^es.sing, nnoralising style of, i. 51; and 
Gibbon, 169 ; 171 ; the scientific ideal 
of, 211 ; 212. 

Leuckart, Einlolf, ii. 322 ; law of limit 
of growth, 445. 

Leuwenhoek, perfection of simple micro- 
scope, ii. 228 ; reference to, 281. 

Lev*©rner and the discovery of Ne;]pitune, 
i. 277: “Association scientifiqiie,” 
298; astronomical achievements of, 
314 ; niotconc hypothesis, ii 357. 


Lewes, G H., on Herbert Spencei, i. 
48 ; ‘ Life oi Goethe/ 166 , ii. 470 ; 
jphienology, 478, “ bpecihc energies,” 
483 , 512, spinal cliord, 519, <>08 

Lexis, Prof , ‘ Die deutschen Universi- 
taten/ i 226 ; statistics, ii. 566, 

Lhuilier reteiied to by Steiner, ii. 
669- 

Lichteiiberg of Gnttingeii University, i. 
16.1 , electricity and the Geis.sler 
tube.s, li. 191 ; physiognomy, 477. 

Lichton, John, Louvain Uunersity, i. 
268. 

Lie, Sophus, ii. 686 ; and theory of 
groups, 690; and Klein, 691, 692, 
718 , on difiereutial equations, 696 ; 
on lumlamental problem oi geometry, 
719; 720. 

Lielng, J. von, laboratory at Giessen, i. 
IS, * Jahresbeucht der Cheiuie/ 42, 
works oil clieimstiy, 43 ; chemical 
predictions of, 92;* on Bncon, 93; 
115; 162, 174, temjioiaiily in- 

llubiiced by speculative spirit in 
Gel man seieiice, 178 ; establishment 
oi chemical laboratories, 188 , quoted, 
190; las oruamc analysis, 191 , and 
Wohler, 192 ; 194 ; nietaidiysical 
leanings ol, 196 ; 200 ; influenced by 
the Is’atiti'iihilosvpliie, 207 ; freed 
under theinfliieiiee of French science, 
208 ; iinderl^ iiig idea lu loiuulmg 
chemical laboratory, 214; “vital 
force,” 218; Dalton's atomic theory, 
216; agricultural exi>erimeiits, 285; 
‘ Familiar Letters on Chemistry ’ 
quoted, 389; discovery of “isomer- 
ism,” 406 ; the “ radicle ” theory, 
409 ; the liydrogen and the oxygen 
theory ofaiuds, 410 ; 412 ; quoted on 
chemical research in England, 414 ; 
his attitude tow’ards the atomic 
theory, 418 ; acientitic work of, ii 
105; *Aimalen der Pharmacie,’ 107, 
163, 170; Mohr’s and Helm’s first 
papers published, 109 ; appreciation 
of Mohr and Mayer, 114 ; ' Die 
Organisclie Ohemie,’ 115; organic 
chemistry, 117, 391 ; dynamical 

theory of heat, 128 ; popular w^ork of, 
349; 152; (see 'Phos. Graham), 161; 
biologdcal studies, 208 ; physiological 
processes, 390 ; 393 ; his influence, 
304 ; 396 ; attempt to extend the 
idea of “ Stofi\vechsel/’ 397 ; * Chemi- 
cal Letters/ 398 ; practical study of 
nature, 404 ; ‘‘vitalism,” 405; 406, 
411, 420; Bacon’s “method of 
instances,” 558, 
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LeilDisch, ‘ Physikalibclie Krj’stallogra- 
pliie,’ 1 . 443. 

Liebreick, Oscar, discovered action oi 
chloral, i. 93. 

Lite and mind, n. 216 ; wliat are they ^ 
4C2 ; mental, 496. 

Life, problem of, ii. 352 ; what is it ? 
381 ; Bichat’s definition of, 3S3 ; 394 ; 
and mmd, 548 

Light, the undulatory theory of, i 241, 
11 . 153 ; 1 . 229, 236 , theories of, ii. 8 ; 
uadnlatory and emission theories, 
11 , undulatory theory prepared by 
acoustics, 12 ; and sound, mechanical 
difference between, 30 ; speed of, 30 ; 
corpuscular theory of, %h. , speed, 45 ; 
inagneLi&ation of (Faraday), 74. 

Limits, method of, ii. 706, Hankel on, 

ih. 

Liiiclemami, researches of, n. 124; on 
transcendency of number tt, 731. 

Link, 11 . 230 ; ohserv.atioiis of, 201. 

‘ Linnmiui Society, Transactions of,’ i. 
41. 

Linmeus, contrihiitions to study of 
natural hnstory, i. 116 ; liegmning of 
geometrical crystallography, 117; 119; 
system and nomenclature of, 125; 145; 
clas,sification of living beings, 283; 
system of classification, ii. 220, 221, 
232 ; basis of cla.ssiticatioii of veget- 
able and animal kingdom, 234 ; first 
four classes of, 288 ; 243, 251 ; classifi- 
cations, 254, 336 ; 311. 

Lionardo da Vinci, rules of perspective, 
li. 663 

Lioiiville recognised merits of Green’s 
work, i 247 ; publishes Galois’ 
works, li. CS6 ; 726, 727. 

Lister, improvements in microscope, ii. 
228. 

Listing, J. B., ‘ Vorstudien ziir Topo- 
logie,’ii, 63. 

Literature, French, influence of science 
on, i. 104. 

Lloyd, Humphrey, experiments m re- 
fraction, ii 43 

Lobatchevaky, Vasiliev on, i. 161 ; ii, 
635 ; and Gauss, 652 ; pupil of Bar- 
tels, 653 ; 710, 713, 718. 

Locke, David Hume and, i. 47 ; 144 ; 
influence of, on German thought and 
literature, 212; and Kjint, 219; 
school of, 250 ; influence on educa- 
tional views in England, 253 • influ- 
ence on French philosophy, 273 ; new 
line of thought adopted by, 811 ; 
sensualistic philo.sophy, ii. 323 ; 
psycho-physical view, 471; genesis of 


space perception, 473 ; 497 ; genetic 
view, 506 ; 516 ; language, 536 : 751. 

Lockyer, Sir Norman, nature of ele- 
ments, ii. 192 ; 282 ; genesis of the 
cosmos, 360; ‘Inorganic Evolution,’ 
369. 

Lodge, Sir 01 , “The Second Law of 
Thermodynamics,” i. 331 ; 370 ; on 
“action at a distance,” 3S0 ; on the 
ether, ‘ Modern Views of Electricity,’ 
li. 38, 90, 163 ; popularisation of 
Maxwell’s electro - magnetic tlieoiy, 
72 ; illustrations of Maxwell’s theory, 
90, 94. 

Lommel, Ohm’s ‘ Gesammeite Abhand- 
luiigen,’ i. 365. 

Longet, Bell’s theoiem, i 293. 

Longitude, Board of, i. 113 ; piize 
oflered by, 158 

Longitudes, Biiieaii des, i 113 

Lorentz, H A., mathematical theories 
ot electricity, ii 193 , 195 ; quoted, 
195, 197. 

Lorenz, 0., quoted on division of history 
into centuries, i. 13 , ‘ Die Geschichts- 
wissenscliaft,’ 206. 

Loria, Giiio, i 275. 

Lotze, Hermann, delimtioiiof “reality,” 

i. 32 ; contrasted with Herbert Spen- 
cer, 48 ; quotation from ‘ Microcos- 
mus,’ 52; definition of philosophy, 
65 ; constructive ideas ot, 81 ; and 
Fechner, 2U0 ; lectures on “ encyclo- 
pedia” of philosophy, 21 5, mechanical 
view in biology of, 219 , 220 ; phil- 
osophy of, li. 288 ; 401 ; “ Leben und 
Lebenskraft,” 401 ; 405 ; vitalism and 
animism, 407 ; purpose and will, 408, 
409 ; vitalism, 434 ; anticipated Helm- 
holtz, 491 ; 492; influence of Herbart 
on, 494 ; physiology of the soul, 500 ; 
psycho-Jdiysics of vision, 504 ; theory 
of “local signs,” 608 ; medical psy- 
chology, 512, p^cho- physics, 517; 
* Microcosmus,’ 532 ; 549 ; quoted, 
585 ; oil non Euclidean geometry, 716. 

Louis XV., i. 107 ; and botany, ii. 235. 

Love, A E, H , ‘Dynamics,’ ii. 183. . 

Lowth, ‘Lectures on Hebrew Poetry,’ 

ii. 537. 

Lubbock, Sir John, ii. 415 ; anthropol- 
ogist, 497. 

Lucretius, scientific speculations of, i 
313; the “atomic theory,” 385; 
quoted, ii. 4. 

Ludwig, F., mathematical botany, ii, 
622. 

Ludwig, K, F. W., Eloge of Weber, ii, 
396; ‘ ‘automatic curve-plotting,” 403. 
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Luminiferous ether, theory of, ii. IS : 
69, 70. 

Lunar theory, i 329. 

Luioth, on von Staudt, li. 669 ; and 
Shei^p, translation of Dmi’s -work, 
704. 

Luther, educational work of, i. 255. 
Lyell, Sir Clias., i. 229 ; quoted on 
British Association, 240 ; ‘ Travels m 
North America,’ 263; ‘Principles of 
Geology,’ 291, ii. 277, 317 ; on Cuvier 
and the fixity of species, 256 , 291 ; 
“ unilormitarian ” school of geology, 

292 ; Ijegmnings of the genetic view, 

293 ; quoted, 296, 559 ; genesis of the 
cosmos, 320 , 327 , genetic view m 
geology, D3U ; 335, 608. 


M'Aulay, A., on directional calculus, ii. 
656. 

Macaulay eulogises Bacou, i. 93. 

M‘Cormack, Tlionias, translation of 
Prof. E. Mach’s Works, i. 318 ; li 
183. 

M'Oosh, James, li. 513. 

M‘Culhigh, James, i 274; propeities of 
ether, ii. 31 ; analytical method of, 45, 
referred to, 64 ; contribution to vortex 
theory, 63 ; 195. 

MacCulloch, J. R., ‘ Statistical Account 
of the British Empire,’ n. 663. 

Macfarlane on directional calculus, li, 
656. 

Mach, Prof. Ernst, ‘ Mechanik in 
ihrer Entwickelung ’ quoted, i. 318, 
383, ii. 97, 100; ‘Die Geschichte und 
die Wurzel des Satzes von der 
Erhaltung der Arbeit,’ 97 ; * Prin- 
cipien der Wdrmelehre,’ 102, 106, 
109, ^ 111, 176 ; popularisation of 
Fourier’s heat theory, 121 ; criticism 
of mechanical view, 183 ; 185, 737. 

Machiavelli, a model historian, i. 7. 

M ‘Kendrick on Helmholtz, ii. 396, 485 ; 
quoted, 490. 

Maclauriu, Colin, tribute by Playfair 
to, i. 232; ‘Treatise on Fluxions,’ 
&c., 270^ 272 ; series of, ii. 646 ; 
.theorem of, 670. 

MacMahon, Major, Address to Mathe- 
matical Section of British Association, 
Glasgow, ii, 140 ; on combinational 
analysis, 643 ; 679. 

Madrin despaired of Newton’s theory of 
gravitation, i. 334, 

Magendie, Bell’s theorem, i. 293 ; ex- 
perimental school of, li. 384; 385; 
experimental or vivisectional school, 
406 ; experiments, 481. 

VOL. II. 


Magnus, Gustav, chemist, i. 1S8 ; 205 ; 

chemical researches of, 208. 

Mairan, referred to by Voltaire, i. 106. 
Maljiighi used the term “ cell,” i. 195 ; 
emhryological work of, ii. 227, 260 , 
(see lie Candolle), 261; “ epigenesis,” 
278. 

Malthus, ‘Principles of Population,’ i. 
84, 11. 331 et seq , , conflict in nature, 
431. ^ 

Malus, polarisation of light discovered, 
1. 83; introduced the Avord “i^olar- 
ity,” 11. 22, “polarity” acquired by 
light by reiiexion, 23 ; ou polarisa- 
tion, iL ; referred to by Young, 27. 
Man, and brute, the dividing line, ii. 

541 ; the “ mean,” 580. 

Manchester Liteiary and Philosoijhical 
Society, 1. 265. 

Manifold, n. 713. 

Mansell, Dean, ‘ Ou tbe Limits of Re- 
ligious Thought,’ n. 326. 

Mantegazza, physiognomy, n. 477. 
Manteil, G., li. 318. 

Marat, i. 107. 

Mana Theresa, i, 256. 

Marine laboratories, li. 232. 

Mannini, annual electricity, ii. 475. 
Marion, ‘ Grande Eticycl opedie, ’ quoted, 
ii. 495. 

Mariotte, Boyle’s law of pressures, i. 
425 , 427 ; experimental Ibrmulm ofl 
436. 

Markgraf, Andreas Sigismund, i. 176. 
Martin, Charles, Lamarck’s views, ii, 
310 ; ‘^Introduction Biograplnque ” of 
Lamarck, 311. 

Maser, H., edition of Abel and Galois, 
ii. 686. 

Maskelyne, N., i. 177 ; scientific Avork 
of, 229 ; not member of any uni- 
versity, 238 ; measurement of force of 
gravitation, 320 ; personal equation 
unknown to, 325 ; discoveries of, 354. 
Maskelyne, teJtory, ‘The Morphology 
of Cry.stals,’ ii, 222. 

Mass, weight and, i. 336. 

Massieu, mathematical formula of “free 
energy,” ii. 173, 

Mathematical methods, Continental, in- 
troduced, into England by Babbage 
and others, i. 18, 

Mathematical, spirit, i. 314 ; first intro- 
duced into science, 817 ; forrnulse, 
focalising effect of, 332 ; definition of 
matter and force, 834. 

Mathematicians, Kuiiigsherg school of,. 

i. 186 ; ancient, catalogue of, ii, 633. 
Mathematics, Continental, methods in, 

3 D 
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1 100 ; modern changes in conception 
of, 221 ; impetus to study ot, given 
by French Revolution, 237 ; pre- 
judices against, n. 62S ; Sylvester 
on, 629, b31, use of, G30; Huxley 
on, lb, ; Lord Kelvin on, ib. ; (iauss 
on, 631 ; Cayley on, ^b. ; twofold 
interest in, 632 ; origin of, 634 ; 
Euler on, 657 ; Abel and Jacobi’s 
school of, ih, 

Mathiinn, geometrical work of, i 114. 

Matter and force mathemaucally de- 
fined, i. 334. 

Matter, circulation of, ii 420 ; living, 
mobility of, 438. 

JMatteucei, animal magetism, ii. 475. 

Matthew, Patrick, ‘ Naval Timber and 
Arboriculture,’ ii. 334 ; 347. 

Maiidsley, Dr H. , ‘ Physiology and 
Pathology of Mind,’ ii 512. 

Maupertuis followed Newton, i 96 , 
referred to hy Voltaire, 105; Prin- 
ciple of least (or stationary) action, 
231 ; astroiioinical constants, 322. 

Maury, Alfred, * Les Academies d’auti’e- 
foiH,’ K 90, 99, 105 ; quoted on Vol- 
taire and scientific progress, 106 ; 
quoted, 127, 135, 147, 148; 143, 
226. 

Mauvein, i. 92. 

Maxwell, Transactions of Society of 
Agriculture, i. 2S4. 

Maxwell, James Clerk-, on probabilities, 
1 . 120; ‘Science and Freewill,’ 124; 
his theories followed up in Germany 
and France, 251 , and Faraday’.s 
“lines of force,” 266; contributions 
to .study of natural philosophy, 274; 
‘Heat,’ 315, ii. 173; ‘Electricity 
and Magnetism,’ i. 323 ; electric 
theory, 314 ; “ the astronomical 

method,” 347; ‘Action at a Dis- 
tance,’ 348 ; ‘ Electrical Researches 
of Cavendish,’ 363 ; ‘ Physical Lines 
of Force,’ 372 ; ‘ Equilibrium of Elas- 
tic Solids,’ 379; Weber’s theory, 380 ; 
“ energy” a substance, 388 ; ‘ Dynam- 
ical Evidence of the Molecular Con- 
stitution of Bodies ’ quoted, 424 ; 
kinetic theory of gases, 433, li. 34 ; 
the statistical view of nature, i, 438 ; 
‘Kinetics,’ ii. 5 ; ‘ Scientific Papers’ 
quoted, 33, 175 ; treatise on elec- 
tricity and magnetism. 35 ; followed 
on the lines of Stokes, 56 ; quoted on 
Bankine’s theory of molecular vor- 
tice.s, 62; “Atom,” ‘Encyclopaedia 
Britannica,’ 66; electro - magnetic 
theory^ 73, 153 ; labours of, 76 ; 


theory of electricity, 78 , “tubes ot 
force,” 80 ; electrotonic state of mat- 
ter, 81 ; “On Physical Lines of Force,” 
82, 83; “ elastic medium ” in space, 
84; “elastic disturbances” of that 
medium, 85, 86 ; theory of euetgy, 
87, 88, 89 , indefiniteness of electro- 
magnetic theory, 93 ; physical view 
of nature, ^141, 144; and Faraday’s 
views, 145 ; electro-magnetic field, 
347 ; 148 ; theory of electro-dynam- 
ical phenomeim, 151; ‘Theory of 
Heat,’ 167; Willard Gibbs, 173; 
“ available energy,” 174 ; 179, 182 , 
triuiiiiih.s of atomic view, 188 ; 191, 
193 ; difficulties of his theories, 194 , 
Ampere, 341 ; statistical view, 574, 
603 , theory of probabilities, 590 , 
statistical methods, 592, 593 ; 

“Sorting Demon,” 594 ; quoted, 605, 
606 , on historical and statistical 
metho<ls, 613 ; 624 et seq., 630 ; on 
vector analysis, 655. 

Mayer, A. M., Young’s colour theory, 
ii. 480. 

Mayer, Julius Robert, i. 218, 265, 309 , 
theory of energy, a. 97 ; his work 
theoretical, 99 ; scientific services of, 
106 ; memoirs refused by Poggeudorf, 
107; measurement of “energy,” 
108 ; indestructibility of force, 111 , 
neglect of earlier writings of, 113, 
114 , his views extended and elabor- 
ated by Thomson and Clausius, 116 ; 
117 ; correlation and interchange- 
ability of natural force, 119 ; per- 
petual motion, 124 ; the dynamical 
theory of beat, 128, 130 ; first philo- 
sophical generalisations on power 
and work, 137 ; “ Kraft,” 169 ; 207 , 
“energy,” 355, meteoric theory of 
the sun’s heat, 357, 358; conserva- 
tion of energy, 397 ; 398. 

Mayer, Tobias, Professor of Mathe- 
matics and Economics at Gottingen, 
i. 158 ; connection of, with modern 
science, 175 ; 176 ; method of least 
squares, 183 ; astronomic^ calcula- 
tions of, 324 ; lunar theory, 329 , 
368. 

Measurements, Weber’s fundamental, 
i. 368. 

Mechain, i. 113. 

Mechanical view of nature^ ii, 183. 

Mechanism, ii. 399. 

Meckel, anatomist, ii. 248 ; morphologi- 
cal analogies, 251 ; 308 ; quoted by 
Huxley, 348 ; law of “biogenesis,” 
349. 
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Medical faculty, &c., in German uni- 
versities, 1 . 197 , science and phil- 
osophy of nature, 209 ; medical 
interest, the, ii. 207 ; thermoiueti 
389. 

Medicine, i. 126 ; Austrian school of. 
19S ; German schools of, 20S ; influ- 
ence ol, 11 . 379. 

Medium, internal, ii. 432. 

Melanchthon, and the first Protestant 
universities, i. 159 ; educational work 
of, 255, 

Meldola, R., analytical and synthetical 
methods in chemical research, i. 457. 

Melloni, ladiant heat, ii. 105. 

Meiideleeli', D., classification of the 
elements, i. 315; periodic laws of, 
403, 422, 423, 4 IS , ii 362. 

Mental life ol mankind, i. 55. 

Mentolle, geograi»hy at the Ecole 
nor male, i. 112 

Mercator, i. 157 ; his projection, u. 
701. 

Meiok, ‘ Aiiualeii der Pljarmacie,’ li. 
107. 

M4re, Chevalier de, i. 120. 

Meiay, C. H., on foundation of anal- 
ysis, li. 701, 734. 

Meridian, measurement of arcs of, i. 
99. 

Merkel, ‘Jacob Henle,’ i. 215. 293 

Mersenne, original member of Pans 
“ Academic des Sciences,” i. 228. 

Mesmer, animal magnetism, ii 476. 

Metabolism, ii. 421, 422, 442. 

Metaphysical treatment of science in 
Germany, i, 43. 

Methods have their day and are dis- 
carded, i. 56. 

Metrical and projective geometry, ii. 

668 . 

Meusnier, i. 115. 

Meyer, E. voii, ‘ History of CheniLstry,* 
1 .' 405, 406, 413 ; quoted, 411 ; memoirs 
of, ii- 257. 

Meyer, Franz, his history of Invariants, 
i. 247, 308 ; ii. 677 ; 684 ; on Lie and 
‘Theory of Groups,’ 691 ; on poten- 
tial theory, 698. 

Meyer, Lothar, classification of chemical 
elementSj i. 316 ; ‘ Modern Theories 
of Cheniistry, ’ 393 ; periodic laws of, 
403, 422, 423 j 427 ; ‘ Die Atorae uud 
ihre Eigenschafteii,’ 429, 445 ; 456 ; 
‘ Moderne Theorien der Chemie,’ ii. 
65. 

Meyer, 0. E., *Die Kinetishe Theorie 
der Gase,’ i. 434, 435, 437 ; quoted 
on Maxwell, 438 ; li 593. 


Meyer, Victor, on change of chemical 
views, 11 . 165. 

Michaelib of Gottingen University, i 
165. 

Micheil, apparatus to measure force of 
gravitation, i, 320. 

' Microcosmus ’ of Loize, i. 52. 

Microscope, ii. 228. 

Miethiug, E., ‘L Euler’s Lehre voin 
Aether,’ i. 344, 352, ii 8. 

Mill, John Stuart, reintroduces phil- 
osophy of Comte to France, i. 18 , 
‘Logic,’ 37, 307, SOS, on theory of 
l>robabilitie.s, 120, 306 , li *569 ; 
"Autobiography,’ 307, opposed to 
unclnlatory theory of light, ii 37 ; on 
A. Bam, 511 ; .513, 571, (508. 

Millar, W. J., Eaiikine’s ‘ Miscellaneous 
ycientilic Papers,’ ii. 133, 139. 

IVliller, Hugh, stonemason and geologist, 
i 288 

Miller, “NV. A., spectrum aualysns, i 
278; 11 . 47, 48; ‘Cbemical Physics,’ 
1. 316. 

Milues-Marshall, ii 349 

Milton, inHueiice on German thought 
and literature, i. 212 , influence of, on 
educational views in Eimlau«], 2,13. 

“ Mimicry,” ii. 338. 

Mind, 11 216, 455 H sett. , the obiective* 
529 ; 548. 

Mines, ilcole des, i. 107. 

Mmnigerode, geometrical treatment of 
crystallogra])hy, i. 443, 

Miiabeau, higher aims of, not realised, 

1 . 112 . 

Mirbel, li. 230 ; observations of, 261 ; 
cellular theory, 262. 

Mitchell, P. C., ii. 459. 

Mitclielson. speed of light, ii. 36, 

Mitscherlich, E , i. 174 ; chemist, 1<SS ; 
190 ; discovery of isomorphism, 191, 
444 ; services of, to chemistry, 208 ; 
Dalton’s atomic theory, 246 ; discovers 
polymorphism, 446, 

Mivart, St George, li. 546. 

Mobility of living matter, li. 438. 

Mobius, A, F. , his geometry, i, 44 ; a 
pupil of Gauss, 181, 187 ; lus writings 
unknown to Plucker, ii. 76; and 
Gaims, 662 ; his barycentric calculus, 
655, 724; introduces homogeneous 
co-ordinates, 681. 

Mohl, Hugo von, protoplasm,” i. 309 ; 
improvements in micrometric pro- 
cesses, ii, 229 ; cellular theory, 262, 
299 ; protoplasm, 264, 265, 422, 448 ; 
inductive school of, 321. 

Mohr, Karl Friedrich, i. 413 ; scientific 
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work of, li. 106; “On the Nature 
ot Heat,” 107 : mdestruetihility of 
force, 111 ; neglect of early writings 
of, 113, 114 ; referred to, 117 ; corre- 
lation and interchangeability of nat- 
ural forces, 119, 124; “force,” 125, 
ISO ; first philosophical generalisa- 
tions on pow’er and work, 137 ; 
‘ Gescli. der Erde,’ 289 ; heat and 
animal energy, 398. 

Moivre, De, the theory of probabilities, 
1. 120 ; 11 568 ; 572 

Molar dimensions, special interest at- 
tached to, i. 350. 

Molecular action, i. 346 , phenomena, 
astronomical view of, 354. 

Molecules, internal energy of, i. 436. 

Moleschott, materialistic woiks of, i, 
60 ; Life of Georg Forster, 179 ; 
"Kreislauf des Lebens,’ ii. 289, 323. 

Moll, Prof., of Utrecht, favourable 
criticism of science in England, i. 
236; ignorance of foreign languages 
in England and France, 237. 

jMolyneux, space perception, ii. 473. 

Monadology, ii. 600. 

Mouboddo, Lord (James Burnett), ii 
531 ; ^ On the Origin and Progress of 
Language,’ 686, 637 

Monge, Gaspard, descriptive geometry, 
1 . 44, ii. 658, 664, 675, 685 ; geometry 
at the Ecole normale, i. 112, 237 ; 
‘Descriptive Geometry,’ 114; 115, 
147 ; brass and iron cannons, 148 ; 
152, 187 ; 306 ; practical school of, n. 
100 . 

Monro, Alexander, Edinburgh Univer- 
sity, 1 . 268 ; ii, 247. 

Monro, John, at Edinburgh University, 
1. 268. 

Montagu, Lady Mary W , inoculation, 
i. 284. 

Montesquieu reflects the thought of the 
eighteenth century, i. 61 ; 107 ; study 
of human culture, ii. 529. 

Montgolfier, indestructibility of force, 
li. 111. 

Montgomery, Bdmunil, * Spare and 
Touch,’ li. 472; article in ‘Mind* 
quoted, 484. 

Montmort, Bemont de, letter to Brook 
Taylor, i. 101; original niemher of 
Paris “Aoad^mie des Sciences,” 228. 

Montucla, ‘Histoire des Mathema- 
tiques’ quoted, i. 114, 307, 334, 368. 

‘ Monumenta Germanise.’ i. 167. 

Moore, Thomas, on an English chamc- 
teristic, if 240, 

MAwan. A. lie. thenw cf rirAhrthiHWefi 


1 . 120 ; calculus of probabilities, 325 ; 
es.say on probabilities, ii. 5C9 ; 641 
650, 700, 711. 

Morley, John, ‘Diderot,’!. 34. 

Morphogenesis, ii. 549. 

Morphological view of nature, ii. 200 ; 
insufiiciency of, 270 ; period, 274 ; 
structural analysis of elements, 423. 

Morxihology, ii. 212 ; defined, 219 ; of 
crystals, 223 ; on a large scale, 224 ; 
on a minute scale, 227 ; and classifi- 
cation, 231 : 549. 

Morveau, Guyton de, ‘ Annales cle 
Chiinie,’ i. 41. 

Mo.sander, pupil of Berzelius, i. ISS. 

Moser, perfection ol stereoscope, ii. 
506. 

Moslieim, “ libertas docendi,” i. 164. 

Motion, atomic ami molecular, i. 437 ; 
in ancient philosoph,^ , li. 3 ; j)er- 
petnal, impossible, 124. 

Motivity, thermodynamic, ii. 168, 594. 

Muir, Thomas, li 643. ^ 

Muller, Fritz, ‘ Facts and Arguments 
for Darwin,’ ii. 349. 

Muller, Johannes, physiology at Berlin, 
1 . 174 ; temporarily inlluenceil by 
sjieculative spirit in German science, 
178 ; ‘ Handbnch,’ 193 ; 195 ; meta- 
physical leanings of, 196 , school of, 
197, li. 397, 403 ; i. 198, 200, 201 ; 
influenced by the NaHf/rphUosnphie^ 
207; freed under influence of French 
science, 208 ; 211 , upheld the method 
of historical survey in science, 215 ; 
his achievements in physiology, 217 ; 
“reflex action,” 263; 292; Bell’s 
theorem, 293, 294 ; scientific re- 
searches of, ii, 106 ; 1] 7 ; inlluenees 
Du Bois-Reymond and Helmholtz, 
150 ; physiological studies, 208 ; the 
cellular theory, 263; “vital force,’* 
269; 301; ‘Physiology,’ 308, 417, 
420, 443, 491 ; 381, 384 ; chemical 
processes in the living body, 391 ; 
396; cellular theory, &c., 418; 
animal magneti.sm, 476, 476 ; 481 ; 
“specific energies,” 482, 4^3 ; 519 : 
Herder’s ‘ Werke,* 587 ; study of 
language, 538 ; on Steiner, 670. 

Muller, K, 0., i. 215. 

Muller, Max, quoted on definition of 
thought, i, 4; ‘Science of Language,* 
23, ii. 640; 608. 

Munchausen, von, founded University 
of Gottingen, with “libertas docendi,'” 
i. 164 

Munk, experiments on the brain, ii. 

17Q 
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Muuro, * Lucretius,’ 11 . 4. 

Miiusterberg, Dr Hugo, p.syclio-pliysics, 
ii. 518 ; expeiiineiits, 521. 

Murdoch, W., not member of any uni- 
versity, 1 239. 

‘ Musenalmauach’ of Schiller and 
Goethe, i 8-1. 

Museum d’Histoire naturelle, i. 112. 

Nageli, C. von, co-editor witli Bchleiden 
of ‘Zeitschrift fur wisseuscliaftliclie 
Botanik,’ i. 195 ; mechanical theory 
of organic structures, ii. 224 ; per- 
fection ot micrometnc processes, 229 , 
271 : inductive school of, 321 ; 351 ; 
‘Micellar Theory,’ 125, 427, 611; 
Weismann on, 435 ; process of intus- 
susception, 4-13; “idioidasma,” 448 ; 
hl3. 

Nansen, Fndjof, arctic exploration, ii. 
207 ; quoteil on the ubiquity of 
organic germs, 453. 

Napier, John, logarithms, i 94, 269; 
272, 282. 

Napoleon I., relation to science, i, 42; 
offered prize for discovery of a process 
of manufacturing carbonate of soda, 
92 ; 107 ; his influence on science, 
149 ; quoted from Thibaiuleau, 150 ; 
founded University Iniperiale, 151 ; 
favoured mathematical sciences, ib. ; 
152 ; his scientific glory derivative, 
164 ; statistical methoils employed by, 
163 ; 206 ; animal magnetism, ii. 476. 
Napoleon III., scientific reports, i. 42. 
Narbonne, i. 151. 

Nasse, Chr. Fried., physiological 
method in medicine, ii. 388. 

Nations, work of the three, compared, i, 
298 ; disappearance of national difl'er- 
ences, 305. 

Natural history, first public course in 
Pans, i. 143. 

Naturalistic school in France, i. 75. 
Nature, history of, how to be under- 
stood, i. 2 ; philosophy of, 204 ; 
philosophy of, and medical science, 
209 ; English love of, 284 ; statistical 
view of, 438 ; kinetic view of, ii. 1 e£ 
seq. / physical view of, 95 ei scq. ; mys- 
^tery of the actual processes of, 366, 
Naturphiloaophxe of Schelling and Hegel, 
i. 178, 207 ; in 315. 

Naumann, C. F., “morphology of the 
surface of the earth,” iL 212. 

Navier, mycanique moleciilaire, i. 359 ; 
360, 379 ; theory of elasticity, ii, 31, 
41 ; properties of the ether, 33 ; syn- 
thetic method, 100. 


Nees von Esenbeck, ii 265 

Neptune. chsLOvery of, i 277. 

Neptumsts and Plutoni^ts, i. 283, 290. 

Nernst, ‘Theoretical Gheniistiy,’ i. -148, 
11. 186. 

Neumann, Carl, development of astron- 
omical view of nature, i. 366 ; quoted 
oil provisional character of electrical 
forniuhe, 375; ‘Die Piiucipien der 
Electrodynamik,’ 376 ; ii. 186 ; on 
potential, 698 ; and Dirichlet’s prin- 
ciple, 708. 

Neumann, Franz, the elder, matlie- 
matical physics, i 44 , 199 ; oxpeii- 
nients in chemistry of, 429 ; proper- 
ties of ether, ii. 31 analytical method 
of, 45, “elastic” theory of ether, 
54 ; iiifliieiices Helmholtz, 150 ; 
theory of electro-clynaniic phenom- 
ena, 151 ; 193. 

Neumann, Naspar, statistical tables of, 
11 565 

Newlands, periodic law of, i, 422, 423. 

Newport, his discovery, ii. 227. 

Newton, value of work of, i. 93 ; cor- 
rected the thought of Bacon, 95 ; his 
work cuuii)leted and amplified by 
Laplace, 97 ; mathematical reason- 
ings of, substantiated, 99 ; invention 
of “fluxions,” 100; influence on the 
popular mind inappreciable, 105 ; 118, 
119, 123 ; contrasted with Cuvier, 132 ; 
137 ; Cuvier on the gravitation theory 
of, 146 ; Gauss’s appreciation of, 181 ; 
discoveries of, frequently forestalled 
by others, 184 ; ‘Principia,’ ISS, 189, 
227, ii. 6 ; pre-eminent as an exact 
thinker, i, 222 ; mdehteduess of 
French science to, 226 ; notation <4, 
233; and Young, 244, ii. 9; Flam^ 
steed’s observations, i. 250 ; 267, 279, 
282, 311; “energy,” 312; 317; 
astronomical instruments, 322 ; 323, 
325; lunar theory, 329; 332 ; mathe- 
matical expression of astronomy, 
333; matter and force, 334; “de- 
sciiption and explanation” of phen- 
omena, 337; gravity not “essential 
and inherent,” 340 ; mechanical 
explanation of gravitation, 342 ; 
emanation hypothesis of li^ht, 
344 ; actio in aktam^ 346 ; gravita- 
tion, 351, 353 ; molecular attrac- 
tion, 354 ; Horsley’s edition of 
his works, 355 ; correspondence 
with Cotes on molecular attraction, 
ih. ; Hauksbee’s experiments, 366 ; 
358; St Venant on, and Boscovich, 
360 ; idea of mass, 362 j 370, 872, 
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374 ; universalit}' and accuracy of 
his laAV, 377, 380, 382, 384, 385, 
389, 394, 424 , calculation of molar 
andcosmical phenomena, 439 ; “me- 
chanical cause ” of gravitation, li. 

4 ; 5 ; and Huygens, 6 ; method of, 

8 ; Euler’s opposition to, ih ; insuffi- 
ciency of emission theory, 14, 15 ; 
suggested both theories of light, 17 , 
recognised “polarity” of light rays, 
22 ; general laws of motion, 29 ; for- 
mula of attraction, 44 ; referred to, 
62 ; and the French school of jihysi- 
eal astronomy, 79 ; scieutitic terms, 
95 ; ‘ Principia ’ and the modern no- 
tion of energy, 99, 100, 140 ; vibra- 
tory view of lieat, 104 , laws of mo- 
tion, 143 ; astronomical researches, 
227 , Darwin and, compared, 341 
et scQ'. , 3-14 ; universal gravitation, 
351 ; 364, 467 ; optics, 480 ; and 
Gauss compared, 630 , 634, 638, 643 ; 
his theorem on equations proved hy 
Sylvester, 680 ; 706, 733 ; science and 
religion, 742 ; 751. 

Newtonian formula the basis of physi- 
cal astronomy, i. 375 ; unique as to 
universality and correctness, 377 ; is 
it a universal law ^ 878. 

Newtonianisiii created by Voltaire, i, 
250, 251 ; dispelled Cartesian physi- 
cal philosophy in France, 433. 

Nichol, John, on Francis Bacon and 
his forerunners, i. 94. 

Nichol’s ‘ Cyclopaedia,’ ii. 133. 

Nicholas V., Pope, and the University 
of Gla.sgow, 1 . 268. 

Nicholson and Carlisle, scientific dis- 
covery of, 1 . 229. 

‘Nicholson’s Journal,’ i. 41, ii. 104. 

Nicol, ‘Crystallography,’ i. 117. 

Nicomachus, ii. 207. 

Niebuhr, B G., his mdebtednes.s to 
Gibbon, i. 169 ; 212. 

Niebuhr, Karaten, on Tobias Mayer, i. 
158. 

Niepce, photography, ii. 506, 

Nietzsche, idea of recurrent cycles, ii. 
287. 

Nilson, discovery of scandium, i, 423. 

Nineteenth century not one of revolu- 
tion, i. 77, 

Nobili, animal electricity, li. 475, 

Nomenclature, importance of, in 
science, i. 131. 

Non-Euclidean geometry, ii. 652 et seq . . 
Klein on, 653 ; 712, 715 ; Halsted 
and Schlegel on, 714; criticised by 
Lotze, 716. 


Nordenskiuld, pupil of Berzelius, i. 
ISS. 

‘ North British Review ’ quoted on 
Scotch educational movement, i. 254. 

Norwood, determined length of a de- 
gi'ee, 1 97, 

Notlier, M., on Sophns Lie, ii 690, 691 ; 
and Klein, 720. See Brill 

Number tt, n. 721 ; and e, transcendent 
nature of, 731. 

Numbers, theory of, ii. 680 , revived 
by Legendre and Gauss, ih. , general- 
ised, 726 ; transcendental, 727, 730 ; 
corpus of, 728 ; algebraic, 729. 

Objective mmd, ii. 529. 

Observation, insufficiency of mere, i. 
328 

Observatory, Greenwich, built, i. 98 ; 
Pulkowa, 1 . 99 

Odhng, chemical researches of, i. 411. 

Oersted referred to, i. 238 ; discovery 
of electro-magnetism, 92, 207, 370, 
371 ; discoyeries of, 366 ; electric cur- 
rents, 367 ; importance of his dis- 
covenes, 372 ; indestructibility of 
force, 11 111, 125; electrical phenom- 
ena, 146 

Oettmgen, von, in 185 , statistician, 
557, 563, 585. 

O’Connell, Daniel, i. 240. 

Ohm, G. S., Fourier’s .serie.s, i. 241 ; 
anticipated by Cavendish, 363 ; ac- 
curacy of his law, 365 ; electro-mag- 
netic measurements, ii. 78 ; galvanic 
currents, 79 ; electrical phenomena, 
146 ; law of, 147 ; resonance, 487 ; 
508 ; on harmonics, 623. 

Oken, originated scientific associations 
in Germany, i. 42 ; exponent of the 
N'aturplulofiO'pMef 207 ; 238 ; ‘ Ele- 
ments of Physio -philosophy,’ 283; 
founded “ Natnrforscher - Versamm- 
liing,” 298 ; anatomical analogies, li. 
251 ; development of Goethe’s views, 
256 ; infiuences Owen, 308 ; natural 
philosophy, 315; the genetic view, 
317, 321 evolution, 354 ; <508. 

Olliers, Heinr. Wilh. Mat., rediscovers 
Ceres, i. 54, 82; astronomical work 
of, 176 ; biographical, 177 ; calculates 
orbit of Ceres, 182 ; correspondence 
with Gauss, 185, 304. 

Oldenburg, i. 283. 

Oltramare on Abel, i. 187. 

Operations, inverse, ii. 639 ; diffierent 
kinds of mathematical, 640; calculus 
of, 655, 684; Hankel on, 640; 
Peacock on, ih. 



INDEX. 


791 


Operator, ii. 655. 

Oppolzer, Vienna sohool of medicine, i 
198 ; 208 

Opthalmoscope, Helmholtz’s invention 
of, 1 , 200. 

Optics, 11 485. 

Order, ii. 556 ; theory of, 678 , and 
unity, 742 et seq ; 745. 

Organic substance, first, i)roduced arti- 
ficially, i. 92 ; compound, prepaiation 
of, by Wohler, 191 ; substances, syn- 
thesis of, ii. 425. 

Organisation, problem of, ii. 236 ; 415. 

Organs, study of separate, ii. 233. 

Oshian, 1. 212 

Ostwald, ‘Diel^nergie und ihre Waud- 
lungen,’ i. 3S0 , “energy” a sub- 
stance, 388 ; on Berthollet’s views, 
393 ; ‘ Clashiker der e-\acteu Wisseii- 
bcliaften,’ 427 ; ' Allgemeine Chemie,’ 
443, 11 . 176 ; ‘ Allgeineiiie Cherme ’ 
quoted, 1 . 414, 445 ; “ Physikalische 
Chemie,” 457, n. 159, 160 ; principle 
of energetics, 125, 142 ; physical 
chemistry, 1 53 ; chemical afiinity, 
157, 159 , 165 ; memoirs of W. Gibbs, 
171 ; second law of therino-dpiainics, 
174 ; criticism of mechanical view, 
183 ; cpioted, 187. 

Otto, translation into German of Thos. 
Graham’s ‘Elements of Chemistry,’ 
ii. 161. 

Owen, Bobert, co-operation, ii. 566. 

Owen, Sir Kiohard, i. 42 ; palaeontol- 
ogical work, 11 257 ; the term “hom- 
ology,” 258 ; influenced by Oken, 
259 ; extension of morphologuial 
view, 260 ; Cuvier’s position unten- 
able, 267 ; quoted, 268 ; morphol- 
ogical view of nature, 276 ; parthen- 
ogenesis, 456. 

Packard, A. S,, ‘Lamarck, lus Life and 
W^ork,’ 11. 312, 351. 

Page, ‘Text-Book,’ ii. 363. 

Paine, Thomas, ‘ Age of Keason,’ i. 
84. 

Palajontology, science of, created by 
Cuvie#, i. 131 ; Cuvier’s work in, ii. 
247 ; 363. 

Paley, philosophy in English universi- 
ties represented by, i. 254. 

Pallas, travels of, ii. 247, 337. 

Pambour, <le (see Zeuner), ii. 133. 

Pander, ii, 299, 303. 

Pangenesis, ii. 271, 454, 610 et seq. 

Paper duties, i. 237. 

Paradoxes in mathematics, ii. 732, 

Parallel lines, axiom of, ii. fdS, 717. 


Pans, the focus of scientific thought, i. 
17. 

Pans Academy ridiculed tlie fall of 
meteors, i. 327; competition on 
“Ditfractioii,” ii. 24. 

Pans Institute, i. 226. 

Parker, Prof., quoted, n. 345. 

Parmenides, unity of all existence, li. 3. 

Parthenogenesis, li. 456 

Pascal, Blaise, his contributions to 
science ])eyond those of Bacon, i. 94 : 
the theory of probabilities, 120, ii. 
568 ; 667. 

Pasteur, discoveries of, i. 431 ; the car- 
bon tetrahedron, 451; “redintegra- 
tion,” 11 . 387, 414, bacteriological 
investigations, 415 , discovery of 
“chirality,” 437. 

Pathology pre - eminently a German 
science, i. 216. 

Pattisou, Mark, meaning ol “thought,” 
1 25 ; on Bentley, <j[Uoted, 169. 

Paulmier, fir.st maps of Greece, i. 295. 

Paulsen, F., ‘ Gescdiiolite des gelehrten 
Unterrichts auf dun <leutscheii Sclm- 
len und TJiuversiUton,’ i. 15‘d, 160, 
163, 164, 166 ; on Loizc and FfeLdmer, 
200, ‘ Die <leutscheu (Jnivursitaten,’ 
214. 

Peabody, 0. H., ‘Thermodynamics of 
the Steam-Engine,’ n. 136. 

Peacock, G., i. 18; introduction of 
Continental mathematics to Gam- 
liridge by, 233 ; ‘ Life of Dr Young,’ 
quoted, 245, 417, ii. 20, 21, 23, 26 ; 
educational movement promoted by, 
1 . 263 ; and the Analytical Society, 
271 ; Young’s ‘ Miscellaneous Works,’ 
li. 9; his ‘"report” quoted, 640, 
615; referred to by Haukel, 641; 
Ins history of arithmetic referred to, 
645 ; 654 ; 709, 711. 

Peaiio, G., ii. 656, 734, 737. 

Pear.son, Prof. Karl, i. 398, ii. .30 ; 
Todliuiiter’s ^ History of Elasticity/ 
33 ; ‘ History of Elasticity’ quoted, 
43 ; quoted on labours of Neumann, 
54 ; modern theory of elasticity, 56 ; 

‘ Grammar of Science,’ 183 ; phenom- 
ena of heredity, 574 ; mathematical 
theory of evolution, 621 ct seq. ; and 
Bateson, 623 ; 737. 

Pearson, William, i, 289. 

Peel, Sir Robeit;, ii. 265. 

Pelletan, a foumler of comparative 
anatomy, ii. 086. 

Peltier, phenomenon, ii, 143. 

Percival, A. S,, * Optics ’ quoted, ii. 53. 

Percy, Ballads, i. 212 ; ii. 537. 
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Pener, Edmond, ‘ La Philosophie Zool> 
ogiqiie avant Darwin’ quoted, li. 309, 
3*22. 

Periodic law of Memleleeff, i. 315, 422. 

Periodicals, scientilic, the oldest, i. 41. 

Permanence of tormal rules, principle 
of, Hankel’s, li. 712. 

Perraiilt, plan of co-operation proposed 
by, i. 99. 

Perry, calculus for engineers, li. 636. 

Perthes, C. T., ‘Politische Zustande 
und Personen in Deutschland zur Zeit 
der fraiizdsischen Herrschaft,’ i. 183, 
256. 

Perthes, Frederick, Meinoins of, i. 39, 
279. 

Pertz, first editor of ‘ Monumenta G-er- 
nianinti,* i. 158 

Pescliel, 0 F , ‘ Geschichte der Erd- 
kuiide,’ 1 . 291. 

Pestalozzi, i. 163, 253 ; his educational 
influence in Germany, 257 ; began the 
purely educational movement, 268; 
inspired by Kousseau, 259. 

Peter the Great, i. 153. 

Petermann, geographical establishment 
at Gotha, i. 167. 

Petit, i. 107. 

Petty, Sir WilUara, statistics, i. 122; 
(see Arundel) collection of relics, 295 ; 
* Political Arithmetic,’ ii, 562 ; 564. 

Pfeffer, W., labours of, ii. 165 ; cellular 
.substances, 373. 

Pfieiderer, E. , ‘ Philosophie des Heraklit 
von Ephesus,’ ii. 3. 

Pfluger, E , “proteid ” theory, li. 426 ; 
‘‘ laws of reflex action,” 519 ; on com- 
pound organic molecule, 611. 

Phalaris, Epistles of, Bentley’s con- 
troversy about the, i. 169. 
Philanthroiiinism ” of Basedow, i. 166. 

Philip of Hesse, first Protestant uni- 
versity founded by, i. 159. 

Phillips. See Gombas. 

Philosophical faculty, development of, 
in German universities, i. 164, 197. 

* Philosophical Magazine and Journal of 
Sciences,’ i. 41 , ii. 48, 60, 55, 58, 69, 
75, 85, 97, 109 ; on Carnot the elder, 
139 ; 480. 

Philosophical theories, ii. 346; prob- 
lems, 362, 743 ; thought, geographical 
centre of, 750. 

Philosophy, definition of, i. 62, 65 ; 
intermediate between science and 
religion, 71, 73 ; and science, conflict 
between, 205 ; and science, 311. 

Phlogiston, i. 388, ii. 153. 

Phonetics, ii. 6S9. 


“Phoronomie,” n. 5. 

Phrenology, ii 476. 

Phylotaxy and phylogenesis, ii. 308. 

Physical and chemical reasoning con- 
trasted, 1 . 424. 

Physical view of nature, li. 95. 

“Physical” method, ii. 428. 

Physics and statistics, ii 589. 

‘ Physik, Annalen der, ’ Gilbert’s, i. 41. 

'Physik, Journal der,’ Gren’s, i. 41. 

‘ Physikalische Gesellschaft ’ of Berlin, 
i. 42 

Physiocrats, so - called, referred to, i 
16 ; 11. 529 

Physiological, units, ii. 272 ; division of 
labour, 396 ; psychology, 512. 

Physiology pre - eminently a German 
science, i. 216 

* Physique, Journal de,’ i. 41. 

‘ Physique, Observations sur la,’ i. 41 

Phytotomy, ii. 200. 

Piazzi discovers Ceres, i. 54, 82, 177. 
182, 423. 

Picard, Ch. E., ‘Traite d’Analyse,’ li. 
690. 

Picard, Jean, calculations of, i. 97 ; as- 
tronomical constants, 322 ; “ methods 
of dealing with astronomical errors of 
observation,” 324. 

Picavut, F., ‘Les Ideologues,’ i. 149, 
152, li 470 ; quoted, 472. 

Pictet, condensation of permanent gases, 
i. 816. 

Piderit, Ph., mimicry and physiognomy, 
11 477. 

Pinel, medical nomenclature oi, i. 131 

Pitcairn, medicine in alliance with 
mechanics, i, 126. 

Plana, lunar theory, i. 329. 

Planck, Max, *Das Princip der Erhal* 
tung der Energie,’ ii. 97, 99, 106, 
197; * Thermodynaraik, ’ 142, 186; 
169 ; labours of, 1G5 ; works of, 184, 

Planta, Martin, the forerunner of 
Pestalozzi, i. 258. 

Platen, i. 213. 

Plato, constructive system of, i, 75 ; 
views of Heraclitus, ii. 3 ; 4, 246 ; 
archetypes, 269 ; his mathematics, 
633. 

Playfair, John, scientific work of, i. 
229 ; criticisms of, on science in 
England, 231 ; review of Laplace’s 
* M4caniqne celeste ’ quoted, 232 ; 
biographical, ib. ; tribute to Cohn 
Maclaurin, %h, ; 234 ; quoted, 236 ; 
270, 272 ; * Huttonian Theory of the 
Earth,’ 283, ii. 292, 356; 579. 

Pluoker, Julius, geometry, i. 44 ; 187 
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geoiiietrical labours of, neglected in 
Geriiiiiiiy, 242 , spectrum analysis, 
27S ; researclies ot, ]i. 75 ; electnoal 
researches, 1S9 ; ou “ singular ities of 
curves,” 041; 67<> ; new geometry, 
G71 ; 672; deficient iii elegance, 077, 
682 ; and rioi>hus Lie, 692 , on higher 
curves, 700. 

Plutoinsts. See Neptiinists. 

Poggendorf, ‘Annalen,’ i. 43, in 128, 

133, 169, 487 ; refused Helmholtz’s 
Ueber die Erhaltung der Kraft,’ i. 

205 , Dictionary of, silent about Avo- 
gadro, 428; refused Molu’s ‘Ueber 
die Natur der Warnie,’ ii. 107. 

Poincare, H , lectin es ou Maxwell’s 
theories, i 251 ; on indetiniteness of 
electro-magnetic theory, ii. 93 , as- 
tronomical mechanics, 101 ; Pans 
Address, 1900, 188 ; discourse of, 
199 ; quoted, 635 ; (pioted ou Weier- 
strass, 638 et iCe/ , 703. 705 ; on 
“function,” 639; CSC, 690; nn Kie- 
imuiu and ’Weierstrass, 707, 70S , 
737. 

Poiusot, n. 5; “geometrical mechanics,” 
101 ; on synthetic method, 670. 

Poisson, mechanics, i. 44 ; 188, 346 ; 
electricity, 347, “mccanique niolc- 
culaire,” 359 ; 360 ; analysis of, 362 ; 
870 ; Newton’s law, 379 ; Frosiiel’s 
calculations, ii. 25 ; retired from 
commission on Fresuel’s theory of 
transverse vibrations, 26 ; theory of 
elasticity, 31, 41 ; 82 ; properties of 
etlier, 33 ; referred to by Paiaday, 69 ; 
formula of, 72 ; theory of electric and 
magnetic phenomena, 74; ‘Memoirc 
sur la Tlni^orie du MagiiiHisme* 
quoted, 75 ; referred to, 76 ; 474 ; 
science of chances, 508 ; on conver- 
geiicy, 646 , on Jacobi, 657 ; oii 
synthetic method, 670 ; 6S6. 

Polarisation of light, ii, 22, 

“ Polarity,” origin of the word, ii. 22. 

Polymorphism, 1, 446. 

‘ Polytechnic Journal,’ Dmgler’s, ii. 

134. ,, 

‘ Polyteci*niqne, I’Ecole, Journal de,’ i. 
41 . 

Ponoelet, J. V,, mathematics, i. 46; 
new science of geometry, 114 ; 187 ; 
definitions of horfse-power and work, 
309, 360, ii. 5; ‘Trait4,’ 76, 660; 

‘ Mecanique industrielle,’ 100 ; prac- 
tical school of, ih,; his influence on 
practical mechanics, 101 ; thermotics, 
118 ; first definite use of new con- 
ceptions of power and work, 137 ; 


658 et seq. ; Ins i»rinciple of continu- 
ity criticised, 600 ; quoted, 6l‘i2 ; on 
'* homology ” and “■ reciprocity,’’ 
663 ; 673 ; on ideal elements, Gf4 ; 
684, 685, ()92. 

Pond, not member of any unneisitj, 
1. 2oS. 

Poole, ‘Index to Periodical Literature,’ 
1. 40. 

Pope, influence of, on German thought 
and literatuie, i 212. 

Popiier, Jo.s., 11. 1S5. 

Positivism, 1 . 307. 

Potential^ li. 698. 

Pomllet, Ohm’s law, i. 365 , influenced 
German tl 10 light, ii. 101 ; heat expeii- 
meiits, 357. 

PouUon, Weisinann’s Essays, ii. 372. 

I'ower Series, Infinite, li. 707. 

“Power,” the teim, introduced by 
Watt, 11 . 99. 

Pointing, Plot’., contributions to 
Maxwell's electro-magnetic theory, n. 
72; 193; and Thom.sou’s ‘Text-book 
ot Physics,’ Sound, 489 

Practical Problems, solidarity of, i. 
32. 

Preston, T., ii. 361. 

Prf'vo.st, theory of exchanges, ii. 46. 

Preyer, Prof. W,, theory of “Paii- 
permia,” n. 369 ; school of Darwin- 
ism in Germany, 436 ; 470. 

Priestley, chemical discoveries of, i. 115 ; 
165; .scientific discoveries of, 229; 
not Diernber of any university, 238, 
272; ‘History of Optics,’ 358, ii. 9; 
follower of Boscovich, i. 359 ; and 
Lavoisier, 386, 387 ; effect of plants 
on air, ii. 391. 

Prime imnjbers, ii. 722 et ficq, 

Priiigle-Pattison. 8ee Seth. 

IMugsheim, A,, on theory of functions, 
ii. 693 ; 734, 739. 

PringHheim, N., observations, ii. 447. 

Pritchard, “ immersion ” sy.stem in 
microscope, in 228. 

Probability, theorj'- of, i 118, ii. 566. 

Prooha.ska, “ reflex action,” i, 292 j ii. 
519. 

Proclus on Greek mathematicians, ii. 
634. 

Progress, intellectual, two factors of, 
i. 27. 

Projection, method of, ii. 663. 

Projective and metrical geometry, ii. 
668 s properties, 717. 

Projmrtions, fixed, rule of, i. 392 ; mul- 
tiple, rule of, 398. 

‘ Protogsea ’ of Leibniz, ii. 277, 2S0. 
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Protoplasm, i 309. ii, 264: ; theory of, 

m. 

Pi oust, theory of fixed proiiortioiis, i. 
393; defeated Berthollet’s doctrme of 
chemical allinity, 394 ; 398, 416. 

Prout, organic analysis, i. 190 , on 
hydrogen, 230 ; hypothesis of, 402 ; 
theory of nature of elements, ii. 192 ; 
Bridgewater Treatise, 325. 

Psychology, ii. 465 et scq. ^ mathemati- 
cal, 49S. 

Psycho - physical aspect of nature, ii 
218, 465 

Psycho-physics, E. H. Weberns law of, 
i 196 ; 198, ii 465 nt seq , 469 ; of 
vision, 504; three facts impressed 
by, 545. 

Purkinje, founded iirst jdiysiological 
laboratory, i 188 ; 198, 208 ; follower 
of Baer, ii 300. 

Piisey, E. B., quoted on English and 
German writers, i. 261, 

Putter of Gottingen University, i. 165 

Pythagoras, unity of all existence, li. 
3 ; .school of, 286 , the octave, 490 ; 
his mathematical ideas, 633 

Quantics and “tactics” in mathematics, 
li. 683 

* Quarterly Review,’ literary criticism 
of, i. 84 ; 236, 230 ; quoted oil educa- 
tional matters in England, 255 ; Young 
(pioted, 11 20, 

Qnaternion.s, ii. 654; introduced into 
Germany by Hankel, 712 , 717. 

Quatrefages, de, ol the “Association 
Francaise,” quoted, i. 298. 

Quesnay, economic system of, i. 16, 
107. 

Qiiet, experiments witli vacuum tubes, 
ii. 190. 

Quetelet, statistics, i. 122, il 563, 588 ; 
555, 5f)G, 557 ; tlieory of error, 574 ; 
tlieorv of probabilities, 579 ; quoted, 
580, 581, 587, 607, 609 , the “meau 
man,” 617. 

Quincke, foam theory of, ii. 427. 

Rademacher, his empiricism in medical 
science, i, 210. 

Bammelsberg, i. 174, 

Ramsay, Prof., discovery of argon, i 
423. 

Ramsdeu, i. 177 ; astronomical instru- 
, ments, 322. 

Itankme, Macquorn, improvement in 
steam-engines, i. 93; “thermo- 
dynamic function,” 316, ii. 109; the 
ateam-cngine, i, 331, n. 133 ; theor- 


etical thermo - dynamics, 62; mol- 
ecular vortices, 63, 82 ; technical 
mechanics, 101 ; revival of interest in 
the ideas of “energy,” 114, on the 
mechanical equivalent of heat, 128 , 
Prof. Unwin’s account of theories of, 
135 ; elaboration of Joule’s and Reg- 
nault’.s experiments, 137 ; energy, 
“potential” and “actual,” 139, 140, 
174 ; reply to Sir J. Herschel, 139 ; 
physical view of nature, 141 ; theory 
of energy, 166 ; 168, 173 ; heat engines, 
175 ; mechanical analogies of heat, 
178 ; entropy, 169, ISl , thermo - 
dynamics, 603. 

Raonlt, researches of, ii 164, 165 

Rathtke, ii. 300. 

Ban, A , ^ Theorien der moderneu 
Chemie,’ i. 406, 414, 430, 455 

Ranher, ‘ Pormbildung iind Form- 
stoning m der Entwickelung von 
Wirlielthieren,’ ii. 401. 

Ray, John, botanist, i. 282 ; classifica- 
tion of living beings, 288. 

Rayleigh, I/ord, discovery of argon, i. 
423; (pioted, ii 170; “fiee energy,” 
173; optical researches, 229 ; ‘Sound,’ 
488, 490 

“ Realschule,” i. 166. 

Reaiiiniir, referred to by Voltaire, i 
105. 

Reciprocity of figures, li. 663; Ger- 
goune on, 666. 

Records, coiitem]»orary, value of, i. 8, 

Redtenbacber, ‘Dynamiden System,’ i, 
433 ; influenced by Poncelet, ii. 101 ; 
heat, 178. 

Registration, ii. 561. 

Regnaud, i. 150. 

Regnanlt, chemistry, i 44 , 245 ; in- 
vestigated specific heat of chemical 
compounds, 429 ; influenced German 
thought, li. 101 ; experimental work 
of, 137; “Observations on Steam,” 
139 ; a founder of physical chemistry, 
152 

Rehniisch, statistics, ii. 587. 

‘Reid, Thomas, Lite and Writings of,’ 
by Diigald Stewart, i 84. ^ 

Reiif , R. , his history of series, ii, 646. 

Reiz, indebtedness to Bentley, i, 169. 

Renaissance, period of the, i. 67. 

Renan, testimony to work of German 
universities, x. *225» 

Rendu, Ambroise, ‘Code Universitaire’ 
quoted, i. 150. 

Reports, annual, on scientific progress, 
i. 42. 

Reproduction, ii. 448. 
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Eepsold, ineasiireiiients of, i._^322 
Retrospect ami prospect, ii. 7D et .seq 
Rtiuchliii, 1. 163. 

Revett. See Stuart. 

Revolution, Frencli, added tlie modern 
practical popularisation of science, i 
145. . ^ 

Revolutionary theories not x^ractical, i, 
79. 

Reye, ‘ Geometric der Lajie,’ li. 669. 
Ribheck, ‘Friedr. Wilh. Ritsclil.,’ i 


no. 

Ribot, ‘Modern Gprman Psychology, 
n. 495 ; ‘ Psychologic Alleiiiande 

Conteniporaiiie,’ 511 ; 513 

Richelieu, Ins ‘‘metallic” interest in 
science, i. 105 ; first statistical 
bureau, ii. 561. 

Richelot at Konigshcig with Neumann 
and Bessel, n 54. 

Richter, astronomical coii.sl ants, i. 322 ; 
penduluiii expeiinieuts of, 351. 

Richet, Ch., ‘ Physiologie <les Mii.scles 
et des Nerfs,’ i 293, ii. 519. 

Richter, J B., chemical equivalents, i. 
189; 313 ; theory of fixed proportions, 
393; 398; atomic theory, 41 G; the 
“ equivalent ” of an element, 419 

Richter, W., theory of “ PaiLspermia,” 
n. 309 .. 

Riecke. memoir of Pliic.ker, ii. / 5 ; 
Bloge of Weher, 197. 

Riemann, B., i. 45; ‘ Hy]»othesen der 
Geometrie/ 200 ; Fourier’s senes, 
241 ; celebrated dissertation of, 243 ; 
views on ideas of .si>ace, 352 ; 

‘ Werke,’ ii. 63 ; researche.s into 
electrical phenomena, 07 ; 254, b3{) ; 
and Cauchy, 693, 699 ; ou Abelian 
functions, 699; his work, 700; his 
surface, 701; 704, 706; and Weier- 
strass compared, 707 ; on hyfiothebes 
of geometry, 710 ; 717, 718. 

Rie.ss, frictional electricity, i. 20.5 ; 
statical electricity and the Gcissler 
tubes, ii. 191. 

Rindflcisch, Ed. von, * Arxtlicbe Phil- 
osophy,’ li. 379, 437. 

Ritschl, Friedr. Wilh., indebtedness of, 
to Bentley, i, 169 ; quoted, 1/2 ; con- 
ducted philological seminaries, 214 ; 
language, ii. 540. 

Ritter, Karl, comparative geography, n. 
226 ; extension of morphological view, 
260 ; 300. , ^ 

Rober, construction of the heptagon, ii. 


722 . 

Robert“«on, Croom, calls Hobbes’s the 
first English system of philosox>hy, i. 


48 , 282 ; ‘ Miiid,’ li. 512 ; on Mun- 
hterberg’s work, 522. 

Robertson, David, naturalist, i. 2SS 
Roberval, referred to by Voltaire, i. 
10.5 ; taught at the College de France, 
107. 

Bobesi)ierre, i. 107. 

Robin, ‘ Traite d’Anatomie geiierale,’ li. 
266. 

Robison, John, on Boscovich’s theoiy, 

1 . 358, 359 ; jiublisher of Black’s 
lectures, ii 102 
“Rothdale Pioneers,” ii. 566. 

Rochow, von, educational work of, i. 
‘256 

Rogers, W. G., illustrations of Helm- 
holtz’.s theories, ii. 63. 

Rokitansky, Vienna school of medicine, 

I. 198, 208 

Roman system of registration, ii. 561. 
ilumaues, ‘Darwin and alter Darwin,* 

II. 346 , 436 

Romanticism, reactionary movement ot, 

i. 8-2. 

Romberg, medical school of, i. 208. 
Rome derisle, contriliutions to crystah 
lograi^hy, i. 117, 118, ii. 241. 

R(»mer, Claus, motion of light, ii. 10. 
Romiuc, Gilbert, quoted, i. 110. 
Rontgeii, discovery of X ray.s, ii 92. 
Rosoher, ‘ Gesch, d. National -Oekono- 
mik,’ li. 555 ; statistics, 563. 
Flbschlaub inflneiieed by the Natin- 
‘philosophic, 1. 207. 

Ro.scoe, Bir I-I., * John Dalton,’ i. 417 
Bose, H., i. 174; the gi’eatest analjd- 
ical chemist of the century, 399. 

Rose, H. and G., chemists, i. 188 
Roseiiberger, ‘Ge-schichte der Physik,’ 
i. 308, 359, 433, n. 8, 11, 178, 506 ^ 
‘ Die moderne Eiitwickelung der 
clektrisc'hen Pnucipien,’ 90 ; physical 
nature and “jjerpetual motion,” 124. 
Eo.senkranz on the encyclopedists, i. 34. 
Ross, Sir James, confirms calculations 
of Gauss as to south magnetic pole, i. 
831. 

Rothmann, i. 157. 

Rousseau, influence on Herder, i. 50 ; 
gospel of nature, 51 ; and the “ Auf- 
klarung ” period, 60 ; 107 ; destruc- 
tive revolutionary work of, 110 ; 
jropularised botanising, 127 ; centre 
of reaction against school of Voltaire, 
Buffon, &c., 145 ; 163 ; influence of, 
on German thought and literature, 
212 ; 253, 256 ; valuable side of his 
ideas developed outside of France, 
259 ; 285, ii* 415 ; language, 536. 
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Boux, Wilhelnij ‘ Entwickelungsmecli- 
anik cles emkryo,’ ii. 401 ; ‘ Struggle 
of the PartvS in the Organism,’ 436 ; 
quoted, 444 ; organicisme,” 455. 

Eowland, spectroscopic observations, 
ii. 361. 

Boyal Institution founded, i. 89, 264, 
11. 139. 

Boyal Society of Edinburgh, i. 269. 

Boyal Society Catalogue of Scientific 
Papers, i. 40 ; ‘ Transactions ’ of, 41 ; 
founded, 89 ; 227, 228 ; unfavourahly 
criticised by Babbage, 233 ; favour- 
ably criticised by Cuvier, 235 ; by 
Prof, aioll of Utrecht, 236 ; ii 69 , 
Kaspar Neumann’s statistical tables, 
065. 

Bubidium found byKirchhoff and Bun- 
sen, li. 49. 

Ruckert, imitation of oriental poetry, 
1 . 213 ; Oludher” quoted, ii. 289 

Rudolf II., Emperor, and Tycho, h 
157 

Rudolph, ‘Griindriss dei Physiologie,’ 
li 499. 

Rudolph!, li. 230, 201 

Rufliiii, Paolo, and theory of groups, ii. 

688 . 

Riihlmanii influenced by Poncolet, ii. 

101 . 

Rumford, Count (Benjamin Thompson), 
mechanical theory of heat, i. 83; 
155 ; experiments of, 229 ; not mem- 
ber of any university, 238 ; 246 ; 
founded Royal Institution, 248, 264; 
the steam-engine, 331 ; the kinetic 
view of nature, u. 8; investigations 
of the nature of heat, 102 ; ** Inquiry 
concerning the Source of the Heat 
which is excited by Pnetiou,” 103 ; 
Davy’s speculations on light and 
heat, 104; experiments utilised by 
Helm in his ‘ Energetik,’ 109, 

Bunge, 0, , spectroscopic observations, 
ii. 361, 362. 

Bussell, Hon. Bertrand, his writings, ii. 
653 ; 718, 720, 734, 737. 

Russell, Lord John, Royal Coramis.sion 
of Inquiry into University Reform, i. 
254, 

Rutherford, spectroscopic observations, 
ii. 861. 

Rydberg, ii. 362. 


Sabine, magnetic experiments, i. 230. 
;Saoh.s, Julius, the effect on biological 
science of the discovery of the cell, i. 
195; *Ge.sehiohte der Botanik,* 209, 
ii. 212, 223, 227, 230, 231, 246, 260, 


265, 269 ; importance of the spiral 
theory, 224 ; cellular theory, 262 ; 
of BLofmeister, 321 ; quoted, 33S ; 
‘ Lectures on Plant Physiology,’ 40S. 

Sacro Bosco, Joannes, ii 287. 

Saint-Hihiire, Auguste de, “ Morphologic 
vegetale,” 11 . 224. 

Sanit-Hilaire, Etienne Geoffroy, germ 
of Darwinian theory, i 137 ; 200 ; 
and the “ Origin of Species,” 201 ; 
anti Cuvier, ii. 239 ; appreciation of 
Goethe’s work, 244 ; controversy with 
Cuvier, 246; morphological analogies, 
261 ; labours of, 253 , quoted, 258 ; 
unity of organisation, 267 ; 301 ; and 
Button, 309 ; 321, 322 ; natural selec- 
tion, 330 ; 364. 

Samt-Hilaire, Isidore GeoflVoy, li. 322. 

Saint Pierre, ,Bernardin de, taught 
morals at theEcolc norniale, i. 112. 

Saint Simon, co-opei ation, n 560. 

Saint -Veiiant, Barre de, quoted on 
Boscovich’s theory, i. 359 ; properties 
of ether, ii. 33; “elastic solid” 
theory of ether, 54 ; synthetic method, 
100 . 

Salisbury, Lord, Oxford Address, ii. 
347 

Salmon, George, text-books on geometry 
translated by Fiedler, i. 44 ; scientific 
work of, and PlUcker, 242; Dublin 
mathematical school, 275 ; German 
edition of his works, li. 669, 685 ; 
introduces Chasles’s work, 673; gieat 
merit of his text-books, 685 ; Meyer 
on, tl>. f Italian edition of his works 
by Bnoschi, 

Sameness and variation, ii. 607. 

Sampson, B. A., ‘ Proceedings of the 
Society of Antiquaries,’ li. 282, 

Sanderson, Sir J. Burdon, quoted, ii. 
428, 429, 439 ; “Elementary Problems 
of Physiology” quoted, 442 ; 565, 

Sanskrit, discovery of, ii 538. 

Santi-Linari, animal magnetism, ii 475. 

Sarcode, ii. 264. 

Sartorius von Waltcrshausen on Gauss, 
i. 181, 183, ii. 631. 

Sanssure, de, li. 247 ; experiments, 391. 

Sauveur, referred to by Voltaire, i. 105 

Savage tribes, history of, i. 3. 

* Savants, Journal des,’ i. 41. 

Savart, theory of elasticity, ii. 31 ; 193, 

Savigiiy, i. 162; indebtedness of, to 
Gibbon, 169. 

Sayce, * Introduction to the Science of 
Language ’ quoted, ii. 539, 540. 

Scaliger, Joseph J., influence of, on 
German thought and literature, i. 
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212, 2*26 ; services to cLassical learning 
and cuticLsm, 222 ; 295 

Sclieeie, toreruimei ul* Berzelins, i 391. 

Scbenlt, edition ol ‘ Protogiea/ ii 2S0 

Schemer, J., ‘Astronomical Spectro- 
scopy,’ ii. 46, 362 ; quoted, 49 ; ‘ i)er 
Bail des Weltalls,’ 282. 

Schellmg, F W. J. von, on the province 
of ]>hiloRophy, 1. 36 ; on po.sitioii of 
philosophy, 38 ; treated s<*,ience from 
a metaphysical stand] > emit, 43 ; phil- 
osophy ot, intlncnced by Border, 51 ; 
]ihil()hopliical i\ ritiiigs of, S3 ; 162 ; 
speculative tendency of, 178 ; ‘ Xdeen 
zu einer Philosojihie der Nalur,’ 179 ; 
philosoiihy ol, 201; 207; lullncuced 
by Siuiioza, 212 ; benefactions to 
historical sciences, 215; inllueiice ol, 
ii 225, 404, 500 ; and Goethe’.s views, 
24.5, 256 ; ‘ Natur- philosophic,’ 301, 
315 ; evolution, 854 ; 508. 

Schunstone, W. A, ‘.Tustus von 
Liebig, his Life and Woik,’ ii. 391, 
393, 

Scliering, E., ‘ C. F. Gauss lunl die 
Erforschnng de.s Erdinagnelnsmus,’ i. 
181, 831 ; address on Gau.s.s’s cen- 
tenary, 304; corres}»ondunce with 
Helmholtz, ii. 710 ct srfi, 

Scheuchzer, correspondence with Leibniz 
quoted, n. 281. 

Schillei, style of, i. 51 ; writings ot, 
83, 84 ; educated with Cuvier, 133 ; 
‘‘The German Muse” quoted, 157; 
Kant’s ajsihetical philosojjhy, u. 535 ; 
‘ Walleustein’s Tod’ quoted, 5S6. 

Schinipev, K. F., “spiral theory,’" ii. 
223. 

Sohlegel, A. W. von, Berlin lectures, i. 
84 ; on Georg Forster, 170 ; 263 ; 
researches of, ii. 612- 

Sohlegel, Fr., on Goethe’.s school, i. 84 ; 
made Shakespeare familiar to Gernmu 
readers, 212. 

Schlegel, Victor, ‘ Hermann Gra.ss- 
mann,’ j. 243 ; on Grassmann, in 
656 ; on non- Euclidean geometry, 714. 

Schleicher, August, ‘Morphology of 
Language/ ii. 540, 641. 

Schleiden, Mathias, cellular theory of, 
i. 194, 309, ii. 262, 263, 299 ; i. 200 ; 
‘Botany as an Inductive Science/ 
209 ; biological discoveries of, 21 7 ; 
mechanical view in biology, 219 ; 220 ; 
refers to Brown"s discovery, U. 264 ; 
theory of cell formation, 265 j ulti- 
mate identity of structure of animals 
and plants, 267 ; definition of a cell, 
370; 402,403, 408. 


Sclileiermacher, F., new era of educatinn 
in Germany, i. 38 ; ])hilobophical writ- 
ings of, 83 , religious levival preached 
by, 203 , scientific ideal of, 211 ; 
educational significance of liis unt- 
ings, ‘258 ; 263 ; ]>sychology, ii. 495. 

Sclilomilcb, 0., 1 . 209. 

Sclilosser, F. Chr., ‘History of the 
Eighteenth Century,’ i. 59. 

Schlozer, Ludwig August, of Gottingen 
University, i. 165 ; statistics, ii. 555. 

Schmidt, F , and P. Stackel ])iiljlish 
Bolyai’.s coi respond eiice, ii. 652 

Schmidt, Johannes, oii August Schlei- 
cher, 11 . 540. 

Schmidt, Karl, ‘Gcschichtc der Pada- 
gogik,’ 1 . 106, 256 

SchbnfiicH, K.\ ii. 734 ; on G. Cantor’s 
woik, 736. 

Schonleiu, Lucas, nietiqdiywical lean- 
ings ot, 1 196; 198; influenced by 
tbe JS'atm'phihmiihie^ 207, freed 
under the mllueuce ol French science, 
208. 

School literature, reform in, i. 44 

School ot Oiiental Languages m France, 
1. 113. 

School of idiilology, modern German, i. 
172. 

School, polyteidmic, German, first es- 
tablished at Vienna, i. 166. 

SeboolH, Gciman, i, 166 

Schools of thought in Germany, u 167. 

Schopenhauer, A,, animation of all 
nature, li 309 ; 470. 

Schroder, B., ii. 737 

Schubert, H., ii. 734. 

Schultzii, Max, protoplasmic theory, ii. 
371, 443. 

Schumacher, H. 0., i. 45 ; ‘ A.*3troiiom- 
ische Hachrichten," 167 ; correbijoml- 
ence with Gausa, 185, li. 652 ; letter 
from (Lauss on telegraph, i, 304. 

Schulte, German translation of Gino 
Loria's w'ork on geometry, i 275, 

Schwann, ’I'hoodor, extended cell theory 
to animals, i. 195 ; 198, 200 ; the head 
of the modern ]>hysiological school, 
217; mechanical view in biology, 
320 ; cellular theory, 309, ii. 263 ; 
identity of all living structure, 209 ; 
discovery of the nucleus referred to, 
264; theory of cell formation, 265; 
ultimate identity of structure of ani- 
maLs and plants, 267 ; definition of 
a cell, 371 ; 402, 403 ; micro.scopical 
researches, 418 ; ‘ Microscopical Ke- 
searches," 419, 420, 423 ; conception 
of the cell, 422 ; Metabolism/’ 442. 
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Schwarz, H. A., on Dirichlet’s prin- 
ciple, 11 . 708 ; Weierstratjrf’s letter to, 
if). , on Bolzano, 709. 

Schweikait, li. 71d. 

Schwerd, ‘Die Beugungserschemungen 
aus den Fundanientalgesetzen der 
Uudiilationytlieorie analytisch ent- 
wickelt’ cpioted, li. 26 

Schwoerer (see Faudel), ii. 134 

Science now international, i. 19, 303 ; 
and life, 31 ; and poetry, th. , as 
opposed to otlier thought, 69 ; the 
nieaiung and use ot the word, 89, 90 ; 
English and Continental notions of, 
91 , scliuolh of, in France, 106 ; .school.s 
of, promoted by Governments oi 
Revolution, 108 , during the itevolu- 
tion and under the First Empire, 
13S ; popularised by France, 142 ; 
German, not patronised liy royalty, 
157; and Wisseiischalt,’ 168, and 
exact science, 171 , German, cosmo- 
politan, 189 ; 111 Germany, 202 ; and 
philosophy, conlliot between, 20f>; and 
history, relations of, 206; for its own 
sake, 211 ; thoroughness of German 
men of, 213 ; and teaching, 214 , and 
philosophy, 215, 311 ; oigamsation 
of, abroad, 226 ; English, in the early 
part of nineteenth century, 229 ; 
*illeged decline of, in England, 230 ; 
French, praised by Cuvier, 231 ; 
English, criticisms of Playfair, ih. ; 
criticisms of Ba)»hage, 233 ; decline 
of, m England, ‘Edinburgh Review' 
quoted on, 235; in England favour- 
ably criticised by Cuvier, th. , by 
Prof. Moll of Utrecht, 236; Prof. 
Moll on difiereiice between culture of, 
in France and England, 237 ; English, 
nidiviiiual character and practical 
tendency of, 251 , English, peculiar- 
ities more marked in early part of 
century, 252 ; importance of British 
contributions to, 276; diffusion of 
scientific knowledge on the Continent, 
ih. , isolation of English men of 
science, 277 ; philosophy of, 306 ; 
interests which promote, 326; prac- 
tical interest in, 828 ; physical, ap- 
plied to medicine, ii. 208; abstract, 
550 ; of large numbers, 555. 

Science, exact, reception of, in Ger- 
many, i. 175 ; absent from German 
universities in the eighteenth cen- 
tury, 178, 

Sciences, tlie descriptive, ii. 203 ; na- 
tural and mental, separation of the, 
534. 


Scientific, reasoning i. 45 , jDeriodicals, 
180 ; associations, date.s of, 227 ; spirit 
lu the first and second halt of the 
century, 302 ; ideas, special, 306 , 
antiquity of leading ideas, 312 ; 
spirit m business, ii. 553. 

Scotch .school of iiatuial philosophy, 
11 . 141 , activity of, 148. 

Scott, Sir Walter, i. 82 ; romantic school 
of, 84 , ‘ Edinburgh Review, 273. 

Secclii, spectroscopic observations, ii 
361 

Sedgwnck, A., ‘A Discourse on the 
Stiulies of the University of Cam- 
bridge,’ 1 263; 267; worked in 

harmony with Analytical Society, 
271 ; criticism of ‘ Vestiges,’ ii 319. 

Seebeck, electricity and hear, i. 363 ; 
thermo-electricity, ii. 113, the siren, 
487. 

Seeley, J., ‘Life ol Stem,’ i. 38. 

Segum, heat units, n 109 , indestruc- 
tibility of force, 111 , xihysiological 
proce&se.s, 390 

Selborne, White’s ' Natural History of,’ 
1. 287. 

Selection, “natural ’’and “sexual,” u 
336 , natural, within the organism, 
435 ; Maxwell’s process ot, 598. 

Sellmeier, W., anomalous dispersion of 
wave-motion, ii. 53; researches of, 
54. 

Seminaries ui Germany, i. 214. 

Semler, Archdeacon, established the 
fir.st “ Realsehule ” at Halle, i. 106. 

Sensation, Johannes Muller’s law of 
spec^Jic energies^ i. 198 ; Weber’s law 
of, 200 ; localisation of, li 507. 

Sense-perception, i. 199. 

“Sensualistes,” li. 323. 

Serres, ‘Aiiatomie Comparee du Cer- 
veau,’ ii. 317; “law of biogenesis,” 
349. 

Serret, his ‘ Algchre Superieure,’ li. 

686 . 

Servois, ii. 660, 711. 

Seth, A., un Fr, Nietzsche, li. 287 

Shaftesbury, i. 145. 

Shakespeare, influence of, iiiP German 
thought and literature, i. 212; 261, 
li. 251 ; the word “ statist,” 555. 

Shelburne, Lord, quoted, li. 562. 

Shelley, ?. B., freshneH,s of individual 
thought of, 1 . 76. 

Siemens, Werner, submerged cables, i. 
329. 

Siemens, William, ii. 179. 

Silvms, chemistry m alliance with 
medicine, i. 126. 
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“ Simplex sigillum ven,” i. 401. 

Siiiiphoii, Sir J. Y., introduced clilor- 
olorm, 1 . 93. 

Simsoii, Robert, Scotch university pro- 
fessor, i. 272 ; and Stewait, ii. 653. 

Skoda, i. 198, 208. 

Sloraau on the invention of the calculus, 

1. 101. 

Sniellie, William, ‘ Edinburgh Blagazine 
and Review,’ i. 273 

Smiles, ‘Lite of Thomas E<hvards,’ i 
2S7. 

Smith, Adam, impoited ideas from 
France, i. 16 , intercouise with French 
lliniurht, 268 ; 272, influence ot, 273 , 
ii. 415 , human culture, 529. 

■Smith, H , tianslation ot Schwann’s 
principal work, ii. 263 ; on con- 
gruence, 723 ; his report, ib, 

■Smith, Sydney, lectured at Royal lu- 
stitutio'n. 1 , 249, 264 , ‘ EdiuhiirgJi 
Review,’ 273. 

Smith, William, on ‘ Strata,’ i. 230 ; 
father ot English geology, 291 ; study 
ot tossil remains, ii. 225 ; tabular 
view ot the British strata, 293. 

Snell, deflection ot rays ot light, i. 
35(). 

Suciete Rhilonmtique, hulletin of, i 
41. 

Society, Royal, i. 227. 

Socrates, ethical philosophy of, ii. 4. 

■Soemmering, ii. 247 ; intluence.s Herder, 
532. 

■Sohuke, L, ‘ Entwickelung der Theorie 
der Krystallstructur,’ i. 443 

Sommer, edition of Herschel ‘ On the 
Construction of the Heavens,’ ii. 
283. 

Sophocles, 1 . 261. 

Sound and colour, analogy between, ii. 
489. 

Sound and light, meclianical diflerence 
between, ii. 30. 

■South, not member of any university, i. 
239. 

Southey, ‘ Thalaba,’ i. 84. 

.Spanheim, recognition of Bentley, i, 
169. ^ 

Species, changes of, services of Lamarck 
and Saint Hilaire to the study of, 
debatable, i. 201. 

.Spectrum analysis, i. 277, li. 45 et seq,; 
clue to, 47 ; 359, 

Bt>eculation, meaning and scope of the 
term, i, 64, 

Spedding, James, i. 282. 

Spencer, Herbert, first English system 
of philosophy, i. 48; on the “Un- 


knowable,” 53, ii. 326, coubtructiye 
ideas ot, i. SI; system ol, ii ‘205, 
woiks ol, ‘210 , vocabulary and idea.s 
ot evolution, 214 , conceptioii.s of 
246 ; ‘ Principles ol Biology ’ quoted, 
270 , “physiological units,” 27*2, 424, 
610 , philosophy ot, 279, 346 , quoted, 
2SS; ‘Biology,’ 322, 323, 406, 438, 
351; “survival ot the fittest,” ib.; 
“ Factors of Oiganic Evolution,” 353 , 
dynamical aspect ot science, 35.5 ; 
‘‘On tlie Nebular Hypothesis,” 358 , 
“diiect equilibration,” 436, la\v ot 
limit ot growth, 445 , theory of evolu- 
tion, 455 ; and Weismaim, 460 ; 
anthropological woik 497 : 511: 

study ot sociology, 530 , 607, 60S, 
749 

Sjunoza, inlluence of, on German 
thought and literature, i. 212; on 
Geiman philosophy, ii. 205 ; 251 ; 
animation ot all matter, 369 ; psjcUo- 
phj&ical parallelism, 519 ; 535. 

Spix, morphological analogies, in 251 

.Spoil, Jacob archmologist, i. 295. 

Sprengel, C'hr (J., ii 230, 261 ; fer- 
tilisation of plants, 338, investiga- 
tions ot, 415 

Spiirzheim, Joh. Ohr., i. 136; phren- 
ology, 11 . 477, 479. 

Squares, method of least, ii 576 

Staed, Mine, de, and German literature, 
1 17 ; 225 ; writings ot Hur<ler, u. 
531. 

Stageinann, i. 45. 

Stahl, ammivst (medicine), n 126; 
elaborated the jhlogistic theory, 387 ; 
“ Aiuma,” ii. 388, 503. 

Stair, Earl ol’, first agricultural or- 
ganisation in Scotland, n 284. 

Stas, J. S., measurements of, x 403. 

Statics, ii. 5 ; and dynamio.s, 144. 

Statistical, methods, used largely by 
Napoleon, i. 153 ; view ot nature, 
1 . 438, 11 . 646, 548; application in 
pliysic.s, 589 ; knowledge of nature, 
600. 

Statistics, beginning of science of, i. 
121 ; li. 648 d seq*; m France, 
Germany, and England, 562 ; social, 
583 ; pretensions of, 586. 

Staodt, C, G. C. von, hia geometry, i. 
44, 181, 275 ; and Gauss, ii. 052; on 
imaginary element.^, 661 ; 609 ; his 
work expounded by Beye, Liiroth, 
and Fiedler, ; and Cayley, 718 ; 
Klein on, ib. 

Stebbing, Thomas E. R., “Naturalist 
of Oumbrae,” i. 289. 



800 


INDEX. 


Steflens, H. , on Paris at the close ot the 
eighteenth century, i. IS ; ‘ Autohio- 
graphy,’ 39 ; development of G-oethe’s 
views, li. 256 ; natural philo.sophy, 
315 ; evolution, 354 ; 508 

Stem, H. Fr K von, attitude of, to 
national idealism in Germany, i. 39 ; 
quoted on Humboldt, 263. 

Steiner, Jacob, geometry, i. 44 ; new 
science of geometry, 114; 1G3; and 
Crelle, 186, 187 ; neglect of, in Ger- 
many, 243 ; against analysis, ii. 632 ; 
his method, 662 ; Geyser on, ib.; his 
great work, 66/ ; on is open metrical 
})rol)lems, 669; 672; his theorems 
proved by Uremnna, 681. 

Steinheil, measurements of, i. 322. 

Steinthal, psychologist, ii, 497 ; the 
objective mind in history, 530 

Stephen, Leslie, i. 25 ; on Hume, 47. 

Stephenson, George, the ‘‘Hocket,” i. 
303. 

Stereo-chemistry, i, 447. 

Stevin, Simon, ‘La Lisme,’ li. 645 ; 
recommends deciiral system, ib. 

Stewart, Balfour, spectrum analysis, i. 
278 , “radiant heat,” li. 46 ; physical 
view of nature, 141, 601. 

Stewart, Dugald, works of, i. 83 ; 
quoted, 3.59 ; ii. 287, 601. 

Stewart, Matthew, lorerunner of Car- 
not, ii. 658. 

Stieiia, L., ‘Life’ of von Baer, li. 
300 

Stirling, James, ii. 572. 

Stirp, theory of the, li, 614. 

“Stodyechsel,” ii 395; ohler ideas 
corrected, 397. 

Stoics, ‘ cyclical ” view of the, li. 286 

Stokes, SirG. G., i.274 ; spectrum aiialy- 
,si.s, 277, u. 49 ; properties of ether, 
31; quoted, 32, 592; 33; ‘Burnett 
Lectures on Light’ quoted, 37 ; 
“double refraction,” 43; lines of 
sodium, 47, 48; translation of Fou- 
cault’s and lOrclihoff’s moinoirH, 48 ; 
on emission and ab.sorption of light 
rays, 50, 51 ; invented the term 
lluorescenoe, 52 ; refen*ed to, 54, 55 ; 
on whirling motion, 58 ; on un- 
dulatory theory, 195 ; optical re- 
searches, 229 ; 630. 

Stoll, mx., L 208. 

Stolz, 0., ‘ Grossen iind Zahlen,’ i. 275 ; 
and \yei6rstra.ss, ii. 703 ; on Bolzano, 
709 ; 726. 

Stokie, ‘ K. E. von Baer und seine, 
Weltanschauung/ ii. 300, 

Stone V, Dr Johnstone, introduces the 


term “election,” ii 193; use of 
recent microscopic appliances, 229. 
Stout, G. F , “ Herbart coiiipaied with 
Eiiglrsh Psychologists and with 
Eeneke,” n 495, 497 ; ‘Analytic 
P.sycliology,’ 528. 

Stow, Hornial School at Glasgow, i. 
257. 

Strasbiirger, E., embryological studies- 
of, 11 . 227; “ idioplasma,” 448 ; 459, 
“Struggle fpr Existence,” ii. 332, 333. 
Struve on methods of the astronomers 
of Greenwich Obseivatory, i. 99. 
Stuart, Gilbert, ‘Edinburgh Magazine 
and Keview,’ i. 273 

Stuart and Revett, aichajological ex- 
plorations of, i. 295 
Study, E., referied to, ii 654. 

Sturm, J. C. Fr., recognised merits of 
Green’s woik, i. 247 , appreciated 
educational work of the “Order of 
Jesus,” 256. 

Substitution, cliemical, i. 409 
Substitution, principle of, in niatlie- 
matics, ii. 686. 

Substitutions, Jordan’s treatise on, li. 
686, 689, 692, 

Sully, Due do, doctrine of averages, 
ii. 561 ; political statistics, 563. 

Sully, James, article “ Evolution ” in 
‘ Encyclopcedia Bntannica,’ li. 279; 
“ Herder,” 533, 

Snn, beat of, ii 357. 

Snssmilcb, Pa.stor, the divine origin of 
language, ii. 536 ; ‘ On the Divine 
Order, ’ 557, 563 , political arith- 
metic, 585. 

Svieten, G. v., i. 208, 

Swan, spectrum analysis, i. 278, 

Sybel, H. von, ‘lustorische Zeitschrift,’ 
i. 159. 

Sydenham, i 272. 

Sylow, L., on Abel, u. 649 ; on Abel 
and Galois, ti86. 

Sylvester, J. J., developed theorie.s of 
Boole, i. 247 ; on mathematics, ii. 
629 ; 631 ; on invariants, 676 ; the 
proper business of mathematics, 679 ; 
proves Newton’s theorem, 'B81 ; on 
determinants and Hesse, 683 ; 691. 
Symbolism, chemical, i. 417. 

Syme of Edinburgh University, i. 272. 
Symington built the tug “ Charlotte 
Dundas,” i, 303, 

Symmetrical formulas, ii. 681. 

Tacitus, a model historian, i. 7. 

Tait, P. G,, ‘Sketch of Thermodyn- 
amics/ i. 376, ii. i67j 176. 175 ; on 
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‘‘action at a distance,” i. 380 ; 
perties of Matter,’ 388, 425; “Kinetic 
Theory of Gases,” 438; “kinetics,” 
ii. 5; ‘Light,’ 11, 592; ‘Light’ 
quoted, 13, 36 ; criticism of Tyndall’s 
theory ot lieat, 67 ; translation of 
Helmholtz’s memoir on vortex motion, 
58 ; memoir of Rankine, 62 ; ‘ Recent 
Advances of Physical Science,’ 63, 
106, 108 ; ‘ On Knots,’ 64 ; ‘ Recent 
Advances of Physical Science ’ quoted, 
66; ‘Sketch of Thermodynamics,’ 
controversy regarding, 97 ; ‘ Dyna- 
mics,’ 99 ; and Tyndall and others, 
107 ; computations of Seguin, 109 ; 
quoted on the relative values of the 
terras “force” and “energy,” 116; 
perpetual motion defined, 124; pre- 
face to Rankme’s papers, 133 ; (see 
Clausius), 135 ; physical view of 
nature, 141 ; ‘ Heat ’ quoted, 591. 

Tait and Crum Brown, Memoir of 
Thomas Andrews, ii. 162. 

Tait and Steele, ‘ Dynamics of a Par- 
ticle,’ i. 101, ii. 144. 

Tait and Thomson. See Thomson and 
Tait 

Tait’s ‘ Edinburgh Magazine ’ published, 
i. 273. 

Talbot, solar spectrum, i. 278. 

Talleyrand, public instruction, i. 109 ; 
higher aims of, not realised, 112. 

Tannery, Jules, his lectures on theory 
of functions, li. 704 ; 737. 

Tauchnitz, edition of ancient classics, i. 
167. . 

Taylor, Bayard, ‘ Faust ’ quoted, i. 52. 

Taylor, Brook, i. 101* 

Taylor, Charles, on continuity, ii. 

.. 

Taylor, ‘ Scientific Memoirs, i. 325, ii. 
263 ; series of, 646. 

Telegraph, first, i. 92. 

Tennyson, mature thought of, i. 76. 

Tenon, i. 107. 

“Tension,” ii. 138. 

Terquem, ii. 660. 

Terrestri^ view, ii. 369. 

Teubuer, editions of the ancient classics, 
i. 167. 

Thesetetus, Proclus on, ii. 634. 

Thenard, practical discoveries of, i. 
147 ; organic analysis, 190 ; ‘ Chem- 
istry,’ 200 ; ii. 608. 

Theological faculty in German univer- 
sities, i. 197. 

Thermodynamics, ii. 62 ; two laws of, 
128. 

Thermo-elastic phenomena, li* 142. 
VOL. 11. 


Thermo-electric phenomena, ii. 142. 

Theta function, Jacobi’s, li. 649; 696. 

Tlidvenot, original member of Pans 
“ Academic des Sciences,” i. 228. 

Thibaud, i. 162. 

Thibaudeau quoted, i. 113 ; ‘ Le Cou- 
sulat et I’Eiupire,’ 149, 152. 

Thiersch, Pr., i. 162; conducted philo- 
logical seminaries, 214. 

Tholuck, ‘Das akadennschc Lehen des 
17 ten Jalirhunderts,’ i. 163. 

Thomasius represents spint of Bacon 
and Leibniz at Halle, i. 160. 

Thompson, Benjamin. Sec Count Rum- 
tord. 

Thomsen, V. L. P., a founder of phys- 
ical chemistry, li. 152 ; chemical 
affinity, 171. 

Thomson and Tait, ‘ Natural Phil- 
osophy,’ 1 . 45, 101, 274, 316, 318, 
376, ii. 61, 99, 144, 152, 153, 184, 
358 ; the term “ kinetics,” 5 ; referred 
to, 62, 148 ; influence of, 145. 

Thomson, J. A., ‘Science of Life,' ii. 
228, 271, 337, 338, 348, 349, 370, 436, 
447 ; the term “ homology,” 259 ; 
“Ceil and Protoplasm,” 266; 298; 
“embryology,” 299; quoted on von 
Baer, 803; ‘Evolution of Sex,’ 344; 
‘Science of Life’ quoted, 448, 455, 
4,58 ; 459 ; on “ stirps,” 614. 

Thomson, James, harmonic analysis, i. 
830; heat and “perpetual motion,” 
li. 126 ; prediction, 126, 170 ; physical 
view of nature, 141 ; “Crystallization 
and Liquefaction,” 142; theory of 
energy, 166. 

Thomson, J. J,, on vortex motion, ii. 
68, 66, 183 ; Princetown lectures, 
190 ; ‘ Researches,’ 191 ; ‘ Discharge 
of Electricity through Gases,* 192; 
electrical researches, 362. 

Thomson (the poet), i. 285. 

Thomson, Prof. Thos., i. 188 ; and Dal- 
ton, 245 ; the atomic theory, 425. 

Thomson, Wm. (Lord Kelvin), on 
chemical laboratories, i. 188 ; and 
Helmholtz, 199, ii. 149 ; the conserva- 
tion of energy, i. 201, ii. 128, 142 ; 
Fourier’s series, i. 241 ; Green’s treat- 
ise, 246 ; and Joule, 265, 434, ii. 110 ; 
Faraday’s “ lines of force,” i. 266, U. 
7,1; referred to, i. 272; his work, 
274, ii. 133 ; on discovery of spectrum 
analysis, i. 277 ; telegraphic connec- 
tion with America, i. 303; absol 
ute scale of temperature, 309/ 315 ; 
“ vortices,*’ 312, 313 ; absolute meas- 
urements, 323 ; submarine tele- 
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graphy, 329 ; ‘ Popular Lectures aud 
Addresses/ 330, li. 61 ; improve- 
meuts in mariner’B compass, i. 331 ; 
mechanical theory of gravitation, 
344 ; Boscovich’s theory, 358 ; elec- 
trical measurements, 366 ; cohesion 
and capillary attraction, 376 ; on 
“capillary attraction” quoted, 425 ; 
“chirality,” 432, ii. 22; “On the 
Size of Atoms/’ i. 437 ; “Steps to- 
wards a Kinetic Theory of Matter,” 
456 ; quoted, ii. 39, 182, 184, I90 ; 
sodium, 48 ; wave-motion, 53 ; optics, 
55 ; vortex theory, 57, 58, 63 ; on gyro- 
stat, 61 ; thermodynamics, 62, 603 ; 
diamagnetism, 74; on “permeability,” 
75 ; electro-magnetics, 77 ; Faraday 
and Clerk-Maxwell, 78, 79 ; reprints 
of papers quoted, 603 ; physical 
lines of force, 80, electrical re- 
searches, 86; “vortex filaments,” 
89 ; vibrations of the ether, 91 ; in- 
dependence of Mayer’s writings, 97 ; 
and Mayer’s hypothesis, 109; “en- 
ergy,” 114; “work” aud “energy,” 
115; Mayer, and Joule, 116, ab- 
solute measurements m thennotics, 
117 ; Carnot’s ‘ Puissance motrice,’ 
118 ; dissipation of energy, 119, 131, 
132, 365, 598; Sadi Carnot’s heat 
theory, 123 ; perpetual motion, 124- 
126 ; experiment, 127 ; Sadi Carnot, 
130 ; experiments of Joule and Reg- 
nault,137 ; “ potential ” and “actual” 
energy, 139 ; physical view of nature, 
141 ; Kegnault’s measurements,^ 152 ; 
167; thermodynamic “motivity,” 
168, 169, 594, “free energy,” 173; 
“ available energy,” and “ entropy,” 
174, 694 ; 175, 179, 184 ; ether theory, 
196 ; recognition of Kant, 284 ; 296 ; 
“ On Geological Time,” 356 ; “ Me- 
chanical Knergies of the Solar Sys- 
tem/’ 358 ; on the spectroscope, 362 ; 
Glasgow Address quoted, 363 ,* cos- 
mical origin of Ufe, 369 ; on the 
dissipation of energy, u 309 ; li, 52, 
404; irreversihility of natural pro- 
cesses, 593 ; 699 ; his theorem and 
Birichlet, 700 ; 704, 708* 

Thomson, William, and Sir G. G. 
Stokes, contributions to mathematical 
physics, i. 274 ; and Tait : ‘ Natural 
Plxilosophy,’ ib, 

Thorpe, * Essays in Historical Ohem- 

’ istry,’ ii, 158. ’ 

Thougut, the hidden ’vsrorld, i. 1 ; the 
only * moving , principle, 2 ; Max 
Miiller on dehnition of, 4; many 


meanings of, 6 ; forgotten and unex- 
pressed, 8 ; value ot contemporary 
records of, 10 ; unity of, a product of 
the nineteenth century, 16 ; equi- 
valents in German and French, 24 ; 
conception of, not specifically Eng- 
lish, 26 ; definition of, 33 ; not ex- 
hausted by science or philosophy, 
66 ; unmethodical, 68 ; religious, 69 ; 
personal or subjective, 70 ; scientific, 
philosophical, and individual, 72 ; ot 
nineteenth century characterised, 77 ; 
constructive, not destructive, 80 ; 
exact, historical, and critical habits 
of, 222 ; characteristics of higher 
mental work in England, 239 ; char- 
acteristics of English, 249 ; scientific, 
absence of schools of, m England, 
250 ; history of, ii. 627 ; not history 
of knowledge, 628. , 

Thonin, agriculture at the Ecole nor- 
male, i. 112. 

Thucydides, a model historian, i. 7. 

Ticdemann, Fr., chemistry of the living 
body, 11 . 391 ; 317. 

TiUoch, ‘Philosophical Magazine,’ i, 41. 

“ Timbre,” li. 488. 

Tisseraud, ‘Comptes Rendiis,’ i, 377; 
quoted on Newton’s law, 378. 

Titchener, E. B., criticism ol Miinster- 
berg's work, u. 522, 

Titms, Daniel, astronomical formula of, 
i. 422. 

Tocqueville, A. de, quoted on contem- 
porary records, i. 10. 

Todhxinter, Isaac, his ‘Histories,’ i, 
91; ‘Histoiy of the Theories of 
Attraction,’ 98, 99, 308j ii. 698; 
theory of probabilities, i. 120, ii. 
568 ; * History of the Theory of Prob- 
ability/ 1 . ^34; ‘Life of Whewell,’ 
236, ‘262, 306 ; theory of elasticity, ii. 
30; on Young’s style, ib. / on Eng- 
lish science, ib, , ‘History of Elas- 
ticity,’ 83 ; quoted, 43. 

Todhunter and Pearson, ‘History of 
the Theory of Elasticity,’ i, 376, ii. 40, 
56. 

Tooke, Horne, on words, i. ^21 ; the 
‘ Diversions of Purley/ li. 537. 

Tour, Oagniard de la, the siren, ii. 487. 

Traiibe, medical thermometry, ii. 389. 

Treitschke, ‘Deutsche Gesohichte,’ i. 
312. 

Trembly, ii. 418. 

Trench, Archbishop, on words, i, 21. 

Trenraims, G. B., ‘Biologic,’ i; 194; 
identity of all sciences of organic . 
life, ii. 217 ; , 230, 261 j biological , 



INDEX. 


803 


researches of, 313 ; genetic view, 321 ; 
evolution, 327. 

Trcviranus, L. C., botanical labours oi. 
li. 218. 

Truth, the search after, not the end of 
knowlege, i. 29. 

Tsehirnhansen, referred to, i. 101. 

Tubingen school of theological criti- 
cism, i. 162. 

Turgot, founded the Ecole des Fonts et 
Chaussoes, i, 107 ; neglect of, by 
Napoleon, 149 ; statistics, li. 671 ; 
673. 

Turner disproves Front’s hypothesis, i. 
402. 

Tycho, a forerunner of Bacon, i. 94 ; 
of Kepler, 167 ; 317 ; discovered 
variable stars, 327. 

Tylor, B. B., anthropologist, li. 497. 

Tyndall, John, ‘Heat,’ ii. 67; and 
Faraday, 77 ; on Mohr’s and Mayer’s, 
&c., scientihc work, 107 ; computa- 
tions of Seguin, 109 ; Ins works trans- 
lated into German, 148 ; 406 ; 

ubiquity of life, 452 ; “tone,” 488. 

Type theory in chemistry, i. 411. 

Ueberweg and Bencke, li. 496 ; 612 

Ukert (see Heeren), i. 167. 

Ulricb, Duke, reconstituted University 
of Tubingen, i. 169,^ 

Units, living and UfeleSvS, ii. 620. 

Unity of human interests, terms for, i. 
33. 

Universities and high schools, relations 
of, i. 166. 

Universities, Belgian, i. 161. 

Universitie.s, British, and others, dates 
of, i. 228. 

Universities, Danish, i. 161, 

Universities, Dutch, their influence on 
German culture, i. 160 ; 161. 

Universities, English, unique character 
of, i. 254. 

Universities, German, foundation of, i. 
158 ; 162, 197 ; testimonies to the 
great work of, 226. 

Universities, Norwegian, i, 161. 

Universities, Russian, i. 161. 

Universities, Scotch, i, 160, 267, 271. 

Universities, Swedish, i, 161, 

Universities, Swiss, retarded develop- 
ment of, i, 163. 

University, Johns Hoxikins, Lord 
"Kelvin’s lectures, ii. 65. 

University of Athens, i, 161. 

University of Geneva, i, .160. 

University of Gbttingen, i. 164, 166, 
175; prize essays on dynamics, ii. 97. 


University of Halle, i. 165. 

University of Kasan, i. 161. 

University of Maros Vasurhely, i. 161. 

“ Unknowable,” ii. 326 ; or unknown 
factor, 375. 

Unwin, W. C., “The Development of 
the Experimental Study of Heat- 
Engmes,” i. 331 ; theories of Rankine 
and Clausius, ii. 135, 

Valenciennes, Bell’s theorem, i. 293. 

Valency, i. 447. 

Valmont de Bomare, i. 143. 

Valsoii, his Life of Cauchy quoted, ii. 
637. 

Van’t Hoff, ‘LaChmne dans rEsjiace,’ 
1 . 397 ; ‘ Die Lagerung der Atome im 
Kaume,’ 431 , the carbon tetrahedron, 
450, 4.51. 

Variation, 11 . 331, 343: discontinuous, 
623. 

Variations, calculus of, ii. 670. 

Vanihagen von Ense quotes Kant, i, 
46 ; memoirs oi, 279 

Vasihev, A., Address on Lobatchev&ky, 
i. 161. 

Vaminelin, practical discoveries of, i 
147. 

Vector, li. 655 ; analysis, 73, 666. 

Venn, John, ‘The Xjogic of Chance,’ ii. 
669. 

Verdet, M. , ^ Gfiuvres de Fresnel,’ quoteil 
on Euler, ii. 9 ; referred to, 14 ; 
quoted, 25 ; history of undulatory 
theory, 26 ; ‘ (Euvres de Fresnel,’ 26’; 
quoted, 27, 41, 42. 

Veronese, G., ii. 737. 

Versification, German, catholicity of, i, 
213. 

Verwoni, Max, quoted, ii. 423 ; quoted 
on foam llioory, 427 ; ‘ General Physi- 
ology ’ quoted, 445. 

‘Vestiges of Creation,’ published, ii 
318 ; 323, 327 : and natural selection, 
830. 

Vicq d’Azyr, i, 107 ; forerunner of 
Cuvier, 147 ; 200 ; pioneer of the 
mechanical view in biology, 219; 
anatomist, ii, 248 ; quoted, 265. 

Vieweg, publishers, ii. 800, 

Villemain, review of eighteenth ^ cen- 
tury literature, i. 59; quoted on 
Napoleon’s educational projects, 151, 

Villers, * Coup-d’oeil sur les Universitos 
d’Allemagne,’,i, 225. 

Vinci, Liouardo da, mathematics and 
science, ii, 4 ; vision, 606, 

Vines, S, H., ii. 459. 

Virchow, Rudolf, “ cellular pathology,” 
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i 195, ii. 265, 376; i. 198, 208; 
“Autonomy of the Cell,” ii. 395; 
‘ Cellular Pathology ’ quoted, 402 ; 
444 ; progress of biology, 463 ; quoted 
by Darwiu, 610. 

Virey, indebtedness of Cuvier to, i. 
130; importance of nervous system, 
ii. 237. 

Virgil quoted, ii. 287. 

Vischer, Fr. T., i. 162. 

Vital Force, i. 218. 

Vitalism, extreme, ii. 388. 

Vitalistic, aspect of nature, ii. 217 ; 
363 ; view of nature, 368 ; idea of 
Bichat, 383 ; 386. 

Vogel, A., address on Liebig, ii. 391. 
Vogel, H. C., spectrum analysis of the 
stars, ii. 362. 

Vogt, Carl, materialistic works of, 

i. 60 ; vertebral theory of the skull, 

ii. 251 ; JBilder aus dem Thierleben,’ 
323; 407; * Physiologische Briefe,’ 
469 ; 603. 

Volkmann, W., psychologist, ii. 494, 
497 . 

Volney, history of the Ecole normale, 
i. 112. 


Volta, electric pile, i. 83, ii. 104 ; dis- 
coveries of, i. 363, ii. 160 ; animal 
electricity, 475. 

Voltaire imported new ideas into France 
from England, i. 16 ; century of, 69 ; 
reflects the thought of the eighteenth 
century, 61 ; an essayist and man of 
the world, 93 ; popularised the ideas 
of Newton, 96 ; importance in French 
literature of, 105 ; on the progress of 
the philosophical spirit in France, 
ib. ; influenced by Newton and 
Descartes, 106; constructive work 
influenced by, 110 ; philosophical and 
philanthropic influence of, 111 ; 123 ; 
‘f^iecle de Louis XIV,,’ 135; 142; 
‘Elemens de la Philosophie de New- 
ton,’ 144 ; ‘ Lettres sur les Anglais,’ 
ib* ; created Newtonianism, 250 ; cor- 
respondence of, 279 ; the cure of 
smallpox, 284; quoted on the Car- 
tesian and Newtonian philosophies, 
340, ii. 324. 

Vortex, motion, i. 199, ii. 35 ; earlier 
researches, 61 ; filaments, ; theory 
developed in England, 62 ; ring 
theory, difficulties of, 64 ; atom 
theory, Helmholtz and Thomson, 57, 
66 . 

Voss, A., on principles of calculus, 
quoted, ii. 706. ^ 

Voss, J. H., hexameters, i, 213. 


Vries, de, labours of, ii. 165 ; “muta- 
tion,” 364. 

Waage, Gnldbnrg and law of mass- 
action, li. 157 ; ideas of Berthollet, 
177. 

Waals, von der, researches of, ii. 164. 

Wagner, A., on freewill, ii. 584. 

Wagner, Rudolf, ‘Physiological Let- 
ters,’ li. 323 ; ‘ Handworterbiich der 
Physiologie,’ 401, 501; controversy 
with Karl Vogt, 469. 

Waitz, psychology, ii. 497, 530. 

Wald, P., ‘Die Bnergie und ihre Ent- 
werthung,’ ii. 169. 

Wallace, Alfred Russell, i. 179 ; ‘ Intro- 
duction of New Species,’ 310 ; li. 
327, 329; ‘Darwinism,’ 330, 339, 
“ Struggle for Existence,” 332, 334 ; 
Darwin, 341 ; sexual selection, 313 ; 
351 ; quoted, 365 ; 546 ; variation in 
nature, 608 ; 621. 

Wallis, Dr, quoted in ‘History of the 
Royal Society,’ i. 227. 

Walther, Ph. von, physiological method 
m medicine, ii. 388. 

Walton, Izaak, i. 285. 

Wand {see Clausius), ii. 185. 

Wappans, statistics, ii. 563. 

Ward, James, ‘Naturalism and Agnos- 
ticism,’ ii. 188, 519 ; modern psychol- 
ogy, 522, 523 ; quoted, 606. 

Ward, T. H., ‘Reign of Queen Victoria,’ 
i. 310. 

Wardlaw, Bishop, founded University 
of St Andrews, i. 268. 

Wardrop, li. 505. 

Waring, Ed., of Cambridge, quoted, i. 
234 ; ii. 688. 

Warnkonig, Prof., of Liege, translation 
of Gibbon’s ‘Roman Empire,’ i. 
169. 

Waterston, J. J., meteoric theory of 
the sun’s heat, ii, 358. 

Watson, Hewett Cottrell, ‘ Cybek* 
Britannica,* ii. 335 ; 595. 

Watt, James, an inventor with scien- 
tific training, i. 91 ; not member of 
any university, 238; defimtions of 
horse-power and work, 309 ; use of 
term “horse-power,” ii. 99, 156; 
technical mechanics, 101 ; (see 
Zeuner), 134 ; heat measurement, 166. 

Wattenbach, W,, ^Zum Andonken 
Lessings,’ i. 169. 

Weber Brothers, theory of elasticity, li. 
31; biological studies, 208; oxperi- 

. mental research, 396 ; psycho-physi- 
cal investigations, 492* 
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Weber, Eduard, i. 196, 519. 

Weber, Ernst Heinrich, i. 196; school 
of, 200 ; law of sensation, , 
“science of life,” ii. 396 ; 402; 
psycho - physical phenomena, 496 , 
Boo ; psycho-physics of ■vision, 504 , 
508; “touch and bodily feeling,” 
509; psycho-physics, 517, 519 

Weber, H., biographical notice of 
Wilhelm Weber, i. 304. 

Weber, Heinrich, his treatise on algebra, 
11. 729, 730. 

Weber, Wilhelm, of Gottingen and 
Gauss, telegraph, i. 92 ; quoted, 
171, 172, 196, 199, 211; ‘Electro- 
dynannsche Maasbestirnmungen,’ 265, 
303 ; 365 ; absolute measurements, 
309, 323, li. 117 , perfected Coulomb’s 
methods, i. 360 ; astronomical view 
of nature, 366 ; electrical researches 
of, 367, 368, 369 ; quoted, 370, 373 , 
measurements of, 371, ii. 149 ; im- 
portance of his labours, i. 384 , law 
of, ii. 67 ; 76 ; electro - magnetic 
measurements, 78 ; 79 ; statical and 
current electricity, 84 ; theory of, 87 ; 
researches, 92 ; 97 ; electric measure- 
ments, 143 ; electrical phenomena, 
146 ; intluouces Helmholtz, 150 , 
theory of electro-dynamic phenomena, 
151 ; electrical theory of, 153 ; atomic 
view of nature, 188 ; Helmholtz 
quoted, 189 ; 191, 192 ; electric 
particles, 197. 

Webster, Daniel, the term “statist,” li. 
555. 

Webster, Thos., palaeontological woik 
of, i. 139. 

Wcgele, ‘ Gesch. d. deutscheu Historio- 
graphie,’ i. 206, ii. 555. 

Weidmann, editions of the ancient 
classics, i, 167. 

Weierstrass, ii. 630 ; Poincare on, 638, 
703 ; and Lagrange, 693 ; his theory 
of functions, 694 ; his pure analysis, 
702 ; genesis of his ideas, 703 ; 
Lampe on, ih, ; on non-differentiable 
functions, 705; 706; and Eiemann 
compared, 707 ; on Riernann, 708 ; 
his letter to Schwarz, ih» ; proves 
Gauss’s statements, 726 ; 733, 

Weight and mass, i, 336. 

Weis, Samuel Christian, mentioned by 
Verdet, li. 41. 

Weismann, A., * Essays upon Heredity/ 
it, 372 ; idioplasnia theory, 448, 611 ; 
on heredity, 450; on pangeneais, 455; 
theory of evolution, ib,; “On the 
Deration of T^fe/' 457 » ^ Essays on 


Descent and Heredity, versus 
Lamarck, 460. uiA* 

AVeissbach, influenced by nV- 

101 . ^ 

Weisse, Chr. H., influence on Lotze, ii. 
500 ; 508. 

Weld, ‘ History of the Royal Society,’ i. 
90, 127, 227, 228, 283 ; quoted on the 
publication of the ‘ Principia/ 98. 

Weldon, W. F. R., on crabs, ii. 621 ; 
on Pearson’s methods, 623. 

Wells, ‘Essay on Dew/ i. 230; ‘Two 
Essays upon Dew and Single Vision,’ 
11. 334; 347. 

Werner, A. G., Freiberg Mining Aca- 
demy, i. 17 ; school of geology of, 
116 ; Cuvier on, 118 ; 155 ; connection 
of, with modern science, 175 ; scien- 
tific strife with Hutton, 283 ; 290 ; 
study of fossil remains, li. 226 ; 266 ; 
and Hutton, 291 ; describes mineral 
character of rocks, 294. 

Wernicke, language, li. 539. 

Weasel, Caspar, on imaginaries, li. 
653. 

Weyrauch, J acob J, , ‘ Kleinere Schriften 
und Briefe von Robert Mayer,’ ii. 97, 
108. 

Wheatstone and Cooke, first telegraph 
hues, i. 303. 

Wheatstone, Ohm’s law, i. 365 ; 
quoted, 366 ; stereoscope, ii. 486, 
505 ; 506. 

Whewell, Wm., on relations of the 
sciences, i. 37 ; identification ot 
thought with philosophy, 62 ; * Writ- 
ings and Correspondence,’ 91 ; crys- 
tallography, 117; 236 ; quoted, his 
Influence, 261 ; ‘ History of the In- 
ductive Sciences,’ 262, 277 ; 306, 365 ; 
270 ; Analytical Society, 271 ; * His- 
tory of the Inductive Sciences ’ 
quoted, 291, 292, ii. 12; influenced 
by Kant, i. 307 ; origin and vaiiation 
of species, 310 ; Avogadro’s hypo- 
thesis not mentioned hy him, 428; 
the final establishment of the undula- 
tory theory, ix. 26 ; ‘ Philosophy of the 
Inductive Sciences/ 205 ; his divisions 
abandoned, 210 ; quotation from Lin- 
n®us,2‘20 ; account of vertebral theory, 
251 ; 268 ; the study of functions, 
269 ; 318 ; Bridgewater Treatise, 325, 
327 ; Bacon’s “method of instances,” 
558. 

Whiston, on reluctance of Cambridge 
to accept theories of Newton, i. 270, 

White, Gilbert, of Selhorne, i. 179; 

‘ Natural History of Belborne/ 286 ; 
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nature lover, 287 ; 288 ; biograi)liical, 
289 ; quoted, 290. 

Whitehead, A. N., his ‘Universal 
Algebra,’ ii. 641; 056, 737. 
Whittaker, Thos., on “cyclical” view, 
ii. 286. 

Wichern, J. H., follower of Pestalozzi, 
i, 258. 

Wiechert, E., ‘ Grundlageu der Blektro- 
dynamik,’ii. 193, 197. 

Wiedemann, Georg, ‘Die Electrieitat,* 

i, 370; ‘Annalen,’ ii. 186; on Helm- 
holtz, 410. 

Wien, W.', electro - dynamic view of 
ether, ii. 195. 

Wigand, A., Darwin, Newton, and 
Cuvier compared, ii. 341. 

Wilberforce, William, a.ssooiated with 
Rumford’s philanthropic schemes, i. 
249 

Will’, H., text-books of, i. 188. 

William IV. of Hesse, astronomer, i. 
157. 

William the Conqueror, li. 555 
Williamson, chemical researches of, i. 

414 ; quoted, ii. 163 
Willis, “reflex action,” i. 292. 
Willoughby and Ray, botanical travels 
of, i. 283 ; ‘ Historia Thsciuni,’ 28.3. 
Wilson, E. B., ‘The Cell in Develop- 
ment and Inheritance,’ li. 870, 456, 
458. 

Wilson, G. (see A, Geikie), i. 288. 
Winekelmann, classic style of, i. 51 ; 
171 ; founder of archaeology in Ger- 
many, 295. 

Winkler, discovery of germanium, i. 
315, 423. 

Winter, W,, “astronomical magni- 
tudes,” i. 323, 

“ Wissenschaft,” meaning and scope of 
the word, i. 90, 168 ; evolution of the 
idea in German literature, 170 ; 2^2 ;^ 
combines the exact, histoncal>anct 
critical methods of thought, 222; 
moral value of, 223. 

“ Wisseuschaftslehre ” of Fichte, i. 170. 
Witt, John de, tables of mortality, ii. 

565. ^ S > 

Wdhier, his worses Vm chemtoy, i. 43 ; 
prepares organic substances, 92, 191 ; 

ii, 440; i. 188; 194, 200; services 

to chemistry, 208 ; “ viid force,” 
218 ; discovery fef 406 ; 

412, 414 ; uric acid ^la its deiHivatives, 
ii, 39r3 ; vitalist, 405. 

Wolf, 0., ‘Les Hypotheses Cosmog- 
oniques/ ii, 282 . 

Wolf, F.,A., indebtedness to Bentley, 


1 . 169; 171; philology, 203; 212, 
214 ; evolved the science of antiquity 
from vaguer beginnings, 220 ; classical 
learning of, 222 ; educational ideal 
differs from that of Pestalozzi, 258 ; 
263, 264 ; ii. 538. 

Wolf, R., ‘ Geschichte der Astronomie,’ 

i. 54, 157, 167, 171, 177, 277, 328 ; 

‘ Handhuch der Astronomic,’ 319, 
324, 11. 282, 358, 362. 

Wolff, Caspar Friedrich, used the term 
“cell,” i. 195; anticipated Goethe, 

ii. 212; metamorphosis, 267; “epi- 
genesis,” 278, 299; ‘Theoria genera- 
tionis, ’ 298 ; 494. 

Wolff, Christian, philosophy of, i. 212 ; 
astronomical formula of, 422 ; ii. 563. 

Wollaston, scientific discoveries ol, i. 
229, 230 ; not member of any uni- 
versity, 238 ; contributions to the 
atomic theory, 245 ; 272 ; prophecy 
of, 397, 450 ; his attitude towards 
Dalton’s views, 417 ; experiments 
supporting imdulatory theory of 
light, li. 19, 4.5 ; Fraunhofer’s lines, 
47. 

Words, new, and new thoughts, i. 23. 

Wordsworth, his visit to Germany, i. 
17 ; iniluence of, on taste, 67 ; fresh- 
ness of individual thought of, 76 ; 
healthy spirit of, 78 ; 179, 285 ; 
a friend or Wm. Pearson, 289. 

Work, the term introduced by Clausius, 
ii. 115. 

World, outer and inner, how related, 
i’. 5. 

Wright, Ed , length of a degree, i, 97. 

Wiiglii, Thos., of Durham, cosmical 
theories, ii. 282. 

Wnmjcrlich, medical thermomcti^y, ii. 
389., 

Wuftljrt, Willi. , Fechner’s work continued 

» 1 , 200 ; 220 ; animal electricity, 

’-^li. 475; physiognomy, 477; ‘Physio- 
logisebe Psychologie/ 479, 490, 519, 
520, 521 ; “ specific energies,” 483 ; 
influence of Herbart, 494 ; 497, 508, 
510, 612; ‘System der Philosophic,’ 
513 ; 514, 515 ; consciousnels, 616 ; 
517 ; psychology, 525 ; 526. 

Wurtz, A., quoted, i. 114 ; ‘ La Tlieorie 
atomique^^ quoted, 394, 421, 427, 
429 ; on Dalton, 398 ; 413, 

‘ Xenien ’ of Scliiller and Goethe, i. 84. 

Young, Dr Thos., the undulatory 
theory of light, i. 83, 220, ii, 16, 
36; light and hieroglyphics, i, 236; 
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not a member of a university, 238, 
272 ; and Fresnel, 241 ; inadequate 
appreciation of, 243, 244, 277 ; 246 ; 
lecturer at the Royal Institution, 
249, 264; recognition of, by French 
scientists, 260 ; quoted on universi- 
ties, 261 ; not connected with the 
Mathematical School of Cambridge, 
266 ; 294 ; dynamical view of light, 
370 ; revival of kinetic view of nature, 
11 . 8 ; Euler’s ether theory, 9 ; ' Out- 
lines of Experiments and Inquiries 
respecting Sound and Light,’ 16 ; 
quoted, 20 ; interference of light, 
18 ; accuracy of Newton’s experi- 
ments, 19 ; methods of Laplace, 20 ; 
“interference,” 21; polarisation of 
light, 22 ; rejects projectile theory of 
light, ih., quoted on Malus’s discovery 
ot polarisation of light by reflection, 
23 ; 24 ; memoir of, 26 ; ‘ Works ’ 
quoted, 27 ; transverse vibi atioiis of 
light, 28 ; futility of astronomical 
view of nature, 28 ; theory of elas- 
ticity, 30 ; theory ot capillarity, 33 ; 
nature of the ether, 40, 43 ; analogy 
of optical and acoustical phenomena, 
50; “luminiferous ether,” 69, 70, 
89: “elastic medium” in space, 84; 
referred to, 86, 91, 96 ; first used the 
term “energy,” 98, 115; his work 
theoretical, 99 ; value of one horse- 
power, 99; ‘Lectures,’ 102; theory 


of heat ; 103 e£ seq, ; heat a form of 
motion, 104 ; undulatory theory, 
180 ; 341, 344 ; (see Sir Norman 
Lockyer), 361 , colour theory, 480 ; 
‘Essay on Music,’ 489. 

Zach, von, ‘Monatliche Correspondenz,’ 
i. 41 ; 64 ; first international organ 
lor astronomical observations, 167 ; 
astronomical achievements, 176 ; bio- 
graphical, 177 ; 182 ; 422. 

Zeemann, magnetism and light, ii. 197. 

Zeiss, Carl, improvements m the micro- 
scope, ii. 229. 

Zeller, B., i. 162; ‘Philosophie der 
Griechen,’ ii, 3, 207 ; quoted, 286. 

Zeno, unity of all existence, ii, 3 ; 
286. 

Zeuiier, the steam-engine, ii. 133 ; con- 
troversy with Him, 135 ; (see Claus- 
ius), ib. ; heat engines, 175 ; 185 ; 
statistics, 566. 

Ziegler, ‘ Doctrine of Descent,’ ii. 349. 

Zittel, A. von, ' Gesch. der Geologie,’ ii, 

212 . 

Zollner, F., historical and controversial 
writings, li. 107 ; Poggendorf and 
Mayer's MS,, 114 ; speculations of, 
192 ; ‘ Wissenschaftliche Abhand- 

lungen,’ 716. 

Zschokke, H., educational influence of, 
in Germany, i, 257* 

Zwnigli, educational work of, i. 255. 




